Group Key Agreement in Ad hoc Networks by Bhaskar, Raghav
HAL Id: inria-00071754
https://hal.inria.fr/inria-00071754
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Group Key Agreement in Ad hoc Networks
Raghav Bhaskar
To cite this version:
Raghav Bhaskar. Group Key Agreement in Ad hoc Networks. [Research Report] RR-4832, INRIA.
2003. ￿inria-00071754￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
48
32
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈMES 2 et 1
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Group Key Agreement in Ad hoc Networks
Raghav Bhaskar
N° 4832
May 2003
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)
Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30
 
	
 !#"%$&(')*+#,
-.0/012.4365712.(8:9;.0<
=>@?BA7C:DFECGHJIKMLBN@OPCRQTSVUWOTXYOPCBQ
CGFXYZVQTXY[@Q\D^]_A`(SWQPOba_[@CcIedLBD^CBZf[@ghCGFD^]iDjGk?YAlCBD
monkSfpjCGqDFrsMtFu&vhCYGFwFdxyuzv
dZV{@{(SWn|G}iC*nkCBXq>;CYnqXq>@C~N0_VWEIeZ]EfWVRIfl{;ZfUWCBD
hBY@VV wFDG^>@C[@`@ObaW[;OGkSV[;DMZfN;}!{0CYnkZVD^OPWCXSVAl{@[@G^OTN@U{;ZVnkZW}iOPUWA#DUWZVOPN{0SV{@[@QbZfnkOPGj]V(SV`@OTQPC
w}!>@SiX*Fu=y&SVnkiD*wJu=FZfnkCRn^C:XCYOT4OPN;UGk>@COTN;XnkCBZWD|C:}ZfG|GkCYN_G^OTSVNSfG^>;Cn^C:D|C:ZfnqXq>XYSVAlA[i
N;OGj]W ¡uDkD|CBN_G^ObZfQTQP]¡Z¢wJu=£OTD#Z¢XSWQPQTCBXG^OTSVN¤SfJAlSW`@OPQTCN@Si}iCBDlXYSVAlA[@N;OTXBZG^OTN@U¢SVCBnOTn^CBQPC:D^D
Xq>(ZfN@N@CBQTDhOGk>¥QTOG^G^QTC¤¦OPZVN_]§ZGZfQTQb#¨@giCB}©OTn^C:}6OTNi¦nkZWDjGkn^[(XªG^[;n^CW )v4[;Xq>6N@CYGjzSWn^iD#{@nkCBD^CYN_GZ
N4[@A`(CBn*SfN@CY«Xq>;ZVQPQTCYN@UWCBDMGkS!A#ZVN_]¢Xnk]4{iG^SWUVnqZf{@>@ObX*GkCBXq>@N;OTa_[@C:DR¦SVnXYSVQTQTZV`(SWnkZfG^OTVC7UVnkSV[@{¬XSWA
A[@N@ObXYZfG^OTSVN!OPN;XYQP[(}iOPN;UKMn^SW[@{­RCY]hwFUVnkCYCYAlCBNWG: o®¯N!G^>@ObDnkCY{0SVn^GZfnkCR{@n^C:D|CBN_G^CB}hG^>;CBD^CXq>;ZfQTQPCBN@UVC:DY
D^SVAlCKMnkSV[@{°­RCB]wUWn^CBCYAlCYN_G{@nkSfGkSiXSVQbD{@nkSV{0SWD^CB}h¦SVnMrzSWQPQbZf`0SVnqZGkOPWCRKMnkSV[;{;DZfN(}°Z#}iOTDkX[(D^D^OPSWN
SWNhGk>@CYOTnFD^[@OPGkZf`;OPQTOGj]¦SVnG^>;CwFFu=±CYN44OPnkSVN@AlCBNWG: 
²°³_´¶µk·¸ ¹V VCB]¤ZfUWn^CBCYAlCYN_G:w}¥>@SiX°N@CGj&SVnkiDYD^CBXY[@n^CUVnkSV[@{6XSWAlA[@N@ObXYZfG^OTSVN\D^CBXY[@nkOGj]
{;n^SVG^SiXSWQTD
"&"z*
  ! ,!,,y
	  !#"
    rzSVAlAlCQTCBDJ{;ZfnqZV}@OPUWA7C:D}iC:DnkCBD^CBZf[@g!SWN@AlOP{@nkLBD^CYN_GqDCGR}iSVAlOTN;ZfN_GqDUWZVUVN@CBN_GCYN{0Sf
{;[@QTZVn^OPG^LWoQTCBDn^L:D|C:Zf[ig w}FSiXhAlSV`;OPQTCBDwFuz=7n^CBVSVOTVCBN_GQTZ{@QT[;DlUVnqZfN;}@ChZG^G^CYN_GkOPSWN¤}iC!QTZ
XYSVAlA[;N;Zf[iGkLF}iC:DzXq>@CBnkXq>;CY[@nqDYVuD^D^CYN_GkOPCBQPQTCYAlCYN_G:_[;NhZfN;CGzC:DjG&[@NhXYSVQTQPC:XªG^OTSVN}@CFN@S4CY[(}@DoAlSV`;OPQTCBD
a_[@O¶XSWAlA[@N@Oba_[@CYN_GzD^[@n}iCBDzXYZVN;Zf[ig#DkZfN;Do¨;Q0ZWCBX{0CY[ ¦VSWOPnkC{;ZWD}i[hG^SW[iGq} OTNi¦nqZVD|G^nk[;XªGk[@nkC¨@giCV 
tJC&G^CBQTD2nkLBD^CBZV[ig{@nkLBD^CYN_G^CBN_G[@N#XYCYn^GkZfOTNN;SVA`;n^C}iC}iLY¨(D2}@ZfN(DQPC}iSWA#ZfOTN@C&XYn^]4{iGkSVUWnkZV{@>@ObaW[;C{0SV[@n
}@CJQbZXYSVAlA[@N;OTXBZG^OTSVNhUVnkSV[@{0CJXYSVQTQTZV`(SWnkZfG^OTVCV_XSWA7{;n^CBN;ZfN_GN@SVGkZVA7AlCBNWGQbZAlOTD^CMCYNZWXYXYSVnq}#}iCMXYQPL
}@C*UVnkSV[@{0CV tMZfN(DFXC*nqZf{;{(SWn|GXC:D}iLY¨(DD^SVN_G{@nkLBD^CYN_G^L:DY;a_[@CBQTa_[@C:D{@nkSfGkS4XYSVQTCBD}iCAlObD|C*CBN°ZVXYXYSVnq}
}@CRXYQPL}@C*UVnkSV[@{0CJCYG[@N@C}iObDkX[;DkD|OTSVND^[@nQPCB[@nZV}@LBa_[;ZGkOPSWNh{0SV[@nFQPC:DCYN44OPnkSVN@N;CYAlCYN_GwFFu=R 
)¸ : µ   # wXBXSVnq}}iC*rzQPLWin^L:D|C:Zf[ig#w}>;S4XViD|L:X[@nkOGkLJ}iCRXSWAlA[@N@ObXYZfG^OTSVNh}@CJUWn^SW[@{(CWW{;n^SVG^Sf
XYSVQTCBD}iC*D^LBXY[@n^OPG^L
 
	
! "#%$'&()(* 
 ),
+-,. B ¸ ¹ f/ ¸ . 0
132  ´54  ¸76  498 /  2 ¸ .  ³:4 : ;
E@ PH uN;Xnk]4{iG^OTSVN  * R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  <
E@  E tJOTUVOPGkZfQv4OPUWN;ZGk[@nkCBD  R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  =
E@   ­RCB]uD|GkZV`@QPObD^>@AlCYN_G  R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  
E@  ; PH tFO?>#C CYQTQTAlZVN°­RCY]hwFUVnkCYCYAlCBNWG  R * * R * R * M * R * * R * R * R * * M *  
E@  ;  E KMn^SW[@{!­RCB]hwUWn^CBCYAlCYN_G! * M * R * R * * R * R * M * R * * R * R * R * * M *  @
E@   mn^SZf`;QPCv4C:X[@nkOGj]  * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H:
ACB  ¸  4¥²°³_´  6  ³4³  ³ . DR ¸  ¸  ¸   +7+
; PH rzQTObaW[;CBD| ®J * M * R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  HWH
; PHW PH ®j­*w  * R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  HE
; PHW  E EVSWOPNGFf°CYnkUVC« R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H:
; PHW   x\CBZWCHFmZVn|GkOGkOPSWN R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H I
;  E rzQTObaW[;CBD| ®^® M * R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H I
;  E@ PH ®j­*w  * R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H I
;  E@  E °CYnkUVC R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H(=
;   mn^SZf`;QP]viCBX[;n^CrzQTOTa_[@C:D~ * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  H@
;   = nkCYCKJZVD^CB}!­RCY]hwFUVnkCYCYAlCBNWGo®  M * R * R * * R * R * M * R * * R * R * R * * M *  H@
;  ( PH EVSWOPNGFf°CYnkUVC« R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  E@H
;  (  E x\CBZWC  R * * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  E@H
;  (   mZVn|GkOGkOPSWN  * R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  Ef
;  I = nkCYCKJZVD^CB}!­RCY]hwFUVnkCYCYAlCBNWGo®^®6 M * R * R * * R * R * M * R * * R * R * R * * M *  Ef
;  I@ PH EVSWOPNGFf°CYnkUVC« R * R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  E<
;  I@  E x\CBZWCHFmZVn|GkOGkOPSWN R * R * * M * R * R * * R * R * M * R * * R * R * R * * M *  E<
0  .   ´ L/  ¸7M B ² NDR ¸  ¸  ¸   M ¸ hl¹ 8 ¸ PO ³  ·¸ HQ\ 1R
S32 ¸ .   L/ ¸ . AG1
TUTWV(X"YZ\[\]
    (* )(
  y#!" 
wFDG^>;CMXYSVAl{@[iGkOPN@U{(S&CYn&ZZfOTQTZV`@QPCF{(CBn&[;N@OG}iSWQPQbZfnzSf\AlSVN@CB]lOPN;XYn^C:ZVD^CBD`_]7Gk>@CM};Z]VWG^>@CBn^CJOTD
ZhUVnkSOPN;U#G^CBN;}iCYN(X]G^SCYA`(C:}ZAlObXnkSV{@nkSiXC:D^D^SVnOTNAlSWn^C7ZfN;}°AlSWn^C7XSVN(D|[@AlCBnM}iCB4OTXYCBDB RwJDJZ
nkCBD^[@QPGzCZVn^CR`0CYOTN@UhD^[@nkn^SW[@N;}iC:}h`4]^D^AlZVn|G	R}iCB4OTXYCBD>@ObXq>°XYZVN!{0CYn^¦SVnkA£D^SVAlCRnkCBZfQTQT]h{0SzCBn|¦[@Q
XYSVAl{@[iGqZGkOPSWN;DY w&G*Gk>@CDkZfAlC7G^OTA7CWZW}iZfN;XYCYAlCYN_GqDROPN XSWAlA[@N@ObXYZfG^OTSVNG^CBXq>;N@SVQTSVUWOPC:DRCBD^{(C:XObZfQTQP]
OTnkCYQTCBDkD&XYSVAlA[;N@OTXBZGkOPSWNZfnkCMCYN;D^[@nkOPN@UG^>(ZGG^>@C:D|C*}iCB4OTXYCBD}iS7N@SfGnkCYA#ZfOTN!OTD^SVQbZGkCB}`;[iGZfnkCMZV`@QPC
GkS#GkZVQP!GkSCBZWXq>°SfG^>;CYnJZVN;}°D^>;ZfnkC}@ZfGkZZVN;}°D|CBn^4ObXC:DY 
;SVnFOTN;D|GkZVN;XCXYSVN;D^Ob}iCYnFG^>@C7XYZVD^CSVoviAlZVn|G
FSVAlCBDPH:  ® GObDCBN_4ObD|OTSVN;CB}¢G^>(ZGOTN G^>;C¦[iGk[@n^ChG^>@CBn^ChzSW[@QT}¬`0Ch>;SVAlCBD>@CYnkC#G^>;CYnkCzSW[@Qb}
CYgiOTD|G&ZXSVAlA[@N@ObXYZGkOPSWN#OPN@¦nkZWDjGkn^[;XG^[@nkCFCBN;Zf`;QPOTN@UZVQPQ(G^>@CR}iCB_ObXC:DoGkSGqZfQTGkSC:ZVXq>SVG^>@CBn&ZVN;}#CBZWXq>
}@CY4OTXYCzSW[@QT}N@SVG>(ZVCzG^SRn^CB{@QTOTXBZG^C&¦C:ZG^[;n^C:D >;OTXq>lZfQTn^C:ZV}i]*CYgiOTD|G2OPNlSfGk>@CYno}@CY4OTXYCBDB  =>4[;D2ZR}iS4SVn
CBN_G^nk]D|]iD|G^CYA&SV[;QT}h[;D|CRZ_Ob}iCBS7XBZfAlCYnqZ*GkS7D^{(SVGZ4ObD|OPG^SWnB_`@nkSWZV};XYZVD|GGk>;ZGOTNi¦SVnkA#ZGkOPSWNSVNG^>@C
= O©Gk>@CYnkCFObDD^SVAlCBSVN@CFZfGz>@SWAlCSVnzSfG^>;CYnkOTD^CSVNZAlSV`@OTQPCF{@>@SVN;CV ® Gz&SV[@Qb}#ZVXBXCB{iG&XYSVAlA#ZfN;}@D
4ObZlZln^CBA7SVG^C#¦SWnZ7{@>@SVN;C:zG^SlGqZfWCRZV{@{@nkSV{@nkObZG^CRZVXG^OTSVN\ o=>;C*_ObD^OGkSVnXSW[@Qb}QTCBZWCMZlAlC:D^DkZfUWCJSWN
ZVN ZVN;D|&CYnkOTN@UhA#ZVXq>;OPN@C7OPzGk>@CYnkCObDRN@SZfN;D^&CYn: =>4[;DRzC7>;ZWC7ZN4[@A`0CYnRSf}iCY4ObXC:DJ{;n^S4Ob}iOPN;U
ZWD*&CYQTQzZVDZVXYXYCBDkD|OTN@U°C:ZVXq>¬SfGk>@CYn  DD|CBn^4ObXCBDB !®¯N D|[;Xq> Z°XYSVQTQTZV`(SWnkZfG^OTVClUVnkSV[;{ Gk>@CnkCYQbZGkOPSWN;D|>;OP{;D
`0CGj&CYCBNhGk>@C}iCB_ObXC:DXYZVN`0CZf{iGkQP]}iC¨;N;CB}!`4]#G^>@C|{0CYCYnGkS#{(CBCYn	M{;ZVnkZW}iOTUVA>@CBn^CMG^>;CR}@CY4OTXYCBD
XYSVAlA[;N@OTXBZGkCMOPG^>°SVG^>@CBnkDZWDZfN(}h>@CBNG^>@C*N;CYCB}ZVn^ObD|C:DOGk>@SV[@GG^>@C*OTN_G^CBn^WCYN_G^OTSVN!Sf2ZfN4]hXYCYNi
GknkZVQZf[@G^>@SWn^OPGj]V =>4[;D&C>;ZWC#>;ZGZVn^C#4N@SN ZWDw}¬>@SiXCYGjzSWn^iDB ZXYSVQTQPC:XªGkOPSWN¢SVN@Si}iCBD
XYSVAlA[;N@OTXBZGkOPN@U7SVCBnOPnkCYQTCBDkDXq>;ZfN;N@CYQbDOPNG^>;CZf`;D^CYN;XYCRSf2ZfN4]l¨@giCB}©(XCYN_GknkZVQ©OPNi¦nqZVD|G^nk[;XG^[@nkCV 
w}R>;S4XzCYGjzSWn^iD©ZfnkCZD|G^CB{XQTSWD^CYnyG^SnkCBZVQPOYOTN@UG^>;C^ZfN4]_G^OTA7CfZVN4]_>;CYnkCXYSVAl{@[iGkOPN;U{;ZfnqZV}@OPUWA! 
=>;CJGkCYnkA£w}!>@SiXMN@CGj&SVnkiD&OTDAlS_DjGSf GkCYN[;D^CB}OPN!Gk>@CXSWNWGkCg4GSfAlSV`@OTQPC*}iCB4OTXYCBDB@ZfN;}!OTNGk>;ZG
XBZVD^Cln^CY¦CYnkn^C:}GkSZVDwJu=  °SV`@OTQTChw}¢>@SiXu= &SVnki h=>@CB] ZfnkC#Sf GkCYN Xq>;ZVnkZWXªG^CBn^OYC:}`4]
Gk>@CR¦SVQTQTSOPN@U
H&CGj&SVnklG^SW{(SWQPSWUV]ObD}i]4N;ZVA7ObXf 
EW&Si}iCBD>;ZVCRZ7QPOTAlOGkCB}{0SzCBnXBZf{;ZWXOPGj]V 
_&=>@CYnkCROTDQTOTA7OPG^C:}!OPnkCYQTCBDkD&`;ZfN;}@OT}4Gk>!¦SVnFXYSVAlA[@N;OTXBZG^OTSVNy 
4&w`;D^CYN;XYC*SfZfN4]hXCBN_G^nqZfQ\Zf[@G^>@SWn^OPGj]V 
w} >;S4XN@CGj&SVnkiD#ZfnkCOTN;XnkCBZWD|OTN@UVQT]¡`0CBXYSVAlOTN@U {0SV{@[@QbZfn}i[@CGkS G^>;CCBZWD|C ZfN;}6D^{(CBCB}6SVRG^>@CBOPn
}@CY{@QTS]4A7CBN_GB =>@SW[@UV> OPN;OGkOTZVQPQT]AlCBZVNWGMG^S!`0C7[(D|C:}¦SWnMAlOTQPOPGkZVn^]ZV{@{@QTOTXBZGkOPSWN;DY¶Gk>@CY]ZVn^C¨;N;}@OPN@U
N;CY£ZV{@{@QTOTXBZGkOPSWN;DlOPN¤G^>;C°{(CBnkD^SVN;ZVQZfnkCBZ N@CGj&SVnk4OPN@U¬}iSWAlZVOPN±¦CW  U( ¥XCYQTQT{@>@SVN;CVQbZf{@G^SV{yznkOTD|G|
ZGqXq>(ªzXOT_OTQTOTZVN¤CBN_4OTn^SWN@AlCYN_GkD!¦CW  U(  GqZgiOXYZf`¤N@CGj&SVnk¶oAlCYCYG^OTN@U¬n^S4SVA#DBoD|A#ZVn|Gl>@SVAlC:DkCGqXf 
6>;OPQTCRA7S_DjGw}>@SiXFN@CYGjzSWn^iD&}iCYAlSWN;DjGknkZfG^CJG^>@C*ZV`(SWCFAlCYN_G^OTSVN;CB}!Xq>;ZfnqZVXG^CYnkObDjGkOTXBDYWSVN@CRw}h>;S4X
N;CGj&SVnkA#Z]#}iO0CBnzUWn^C:ZG^QT]¦n^SWA«ZVN@SfGk>@CYn&OPG^>hnkCBD^{0CBXªGzG^SG^>@CRXSWA7{;[iGkZfG^OTSVN;ZVQ0XBZf{;ZV`@OPQTOPG^OTCBDB_}i]_
N(ZfAlOTX{(ZG|GkCYnkN;DZVN;}G^nqZ(>XXq>;ZVnkZWXªGkCYnkOTD|G^ObXYDSf¶Gk>@CAlCYA`(CBnN@Si}iC:DY uoVCBN#OPNZ{;Zfn^G^ObX[@QbZfnow}l>;S4X
N;CGj&SVnk0iZVQPQ©N@Si}iC:DA#Z]#N@SfG>(ZVCMOT}iCBN_G^ObXYZfQ XYZf{(Zf`@OTQPOPG^OTCBDZVN;}n^C:D|{0SVN;D^OT`@OPQTOPG^OTCBDB 
J&[iG`0C¦SVnkC D^[;Xq> N@CGj&SVnkiDhXYZVN `0C {;[iGGkS|>@OTUV>i ZfQT[@C[;D^CVMD|C:X[@nkOPGj]§AlC:Xq>;ZfN@ObD^AlD>;ZWCG^S
`0C!{@n^S4Ob}iCB} G^SCBN;D^[@n^CDkZ¦CZVN;} nkCYQTObZf`@QTChXSWAlA[@N@ObXYZfG^OTSVN\ 
;SVn7OPN;D|GkZVN;XC!OTN G^>;C!D^A#Zfn^G>@SWA7C
DkXCBN;ZfnkOTS7SWN@C*&SV[@Qb}!N@SfGFZfN_GSWN@C DN@CBOPUW>_`0SVnGkS`0CZf`@QTCRG^SXSVN_Gkn^SWQ¶G^>@C}@CY4OTXYCBDOTN°]VSW[@n>@SWA7C
  T!#"
 
	
! "#%$'&()(* I
OPG^>¡>@OTDnkCYAlSfGkCV tJ[@ChGkS°G^>;ChOTN@>@CYnkCYN_G7N;ZGk[@n^ChSfFw}¬>@SiXN;CGj&SVnk4D*G^>@CB]¢{0SWD^ChZN_[;A`0CYnSV
Xq>(ZfQTQPCBN@UVC:DGkS7G^>@CRGqZVD^Sf2D|C:X[@nkOTN@UGk>@CYA@OTN;XYQP[;}@OPN@U
H 2 ¸    . / Vi/ ¸ .  ¸ . BY"/ . B 2rzSWAlA[@N@ObXYZfG^OTSVNlOTNlw}7>@SiXN@CYGjzSWn^iD>;ZWD2ZRQPOTAlOGkCB}7GknkZVN;Dj
AlObD^D^OTSVN!nkZVN@UVCRZVD&CYQTQ\ZVDObDZ7`@OTUl}@nkZVOPN!SVN!OGqD`;ZfG|G^CBn^]W 
EW  /  / ³ ¹) ¸  4  Bi/ ¸ .  V 4 i9/  /¦L/ ³  #°SWn^CSf G^CBN Gk>@CN;S4}@CBDOPN§ZfN¡w}¡>@SiXN@CYGjzSWn^
>(ZVCMA[;Xq>!QPC:D^DFXSVAl{@[@GkZGkOPSWN;ZfQ©XBZf{;ZV`@OPQTOPG^OTCBDXSWAl{;ZfnkCB}hG^S#ZfNZVCBnkZVUVCM}iCBD^_G^SV{D^]4D|G^CBA 
_  @Q ¸GM 2 ³ . Y  / . M ;YB f y ³ R°SWD|GRw} >@SiXN@CGj&SVnkiD>;ZWCN@S!SVnRVCBn^]QTOG^G^QTC7¨@giCB}©
XYCYN_G^nqZfQ¶OTNi¦nqZVD|G^nk[;XªGk[@n^CMGkS7A#ZVVCR[;D^CMSVj 
4 @ ³°¸7M³  ³ B¹  ¸4 4 / . 6 zrzSWAlA[@N@ObXYZfG^OTSVNOTD&SVN!OTn^CBQPC:D^D&Xq>;ZfN;N@CYQbD&>@OTXq>XYZVNh`0CRn^C:XCYOTVC:}
`4]hZVN4]VSVN;CJOTN!G^>@CRGknkZVN;D|AlObD^D^OTSVNhnqZfN;UVCV 
IW DF@Q ³ 
 ¸ : xySWDkD&Sf{;ZVXqWCGkD&ObDCgi{0CBXG^CB}!C:D|{0CBXYOTZVQPQT]#OPNA[@QGkO >@SW{!N;CGj&SVnk4DB 
<_ / 6G8  ´ ¹ ´ .   / =>@CFN@CGj&SVnkGkSV{0SVQTSVUV]OTD>@OTUV>@QT]}i]4N;ZVAlOTXOPG^>¦n^C:aW[;CYN_G{;ZVn|GkOGkOPSWN;DoZfN(}
AlCBn^UWCBDB 
=V	   4z³ (/ . 6¢¸7M
!³  / ³  2=>@C*}iCY4ObXCBDz¦SWn^AlOTN@UGk>@Cw}>;S4XMN@CYGjzSWn^l>;ZWCMZ>@OTUV>@CBnn^ObD|#SV
`0CYOTN@U7GkZVAl{(CBn^C:}OPG^>`0CBXBZf[;D^CRSfG^>@CBOPnAlSV`;OPQTOGj]hOPN[@N;D^CBXY[@nkCB}{@QTZWXC:DY 
=>;CBD^CXq>;ZfQTQPCBN@UVC:DYy[@N;D^CYCYN¬OTN ZfN4]CYg4ObD|G^OTN@UXSWQPQbZf`0SVnqZGkOPWCUWn^SW[@{¢ZV{@{@QTOTXBZGkOPSWN§ ZVD*SWN Gk>@C®¯N_G^CBn|
N;CGqi>;ZVCJG^[;n^N@C:}hA#ZVN_]lGknkZW}iOPG^OTSVN;ZVQ¶D^SVQT[iGkOPSWN;D&n^C:}i[@N;}@ZVN_GZVN;}¦SWnkXYCB}G^>@CRnkCBD^CBZfnqXq>XSWAlA[@N@OPGj]
GkSln^CYG^>@OTN@hSWN!D^SVAlCRSf G^>@C*`(ZVD^OTXJG^C:Xq>@N@Oba_[@CBDOTNXnk]_{@G^SVUWnkZV{@>4]V 
sJN;UVSVOTN@U&SVnkOPN D^CBXY[@nkOGj] Sfw}¢>@SiX#N@CGj&SVnkiD*XYZVN¢`0C`@nkSWZW}iQT] XQbZVDkD^O¨;C:}¢OPN_G^SGk>@C#¦SWQPQTSOPN;U
XBZGkCYUVSWn^OTCBDB 
H	  Y7 . ¹ ²°³_´   .  6(³  ³ .  x ZVXqSVyZ{@nkOTSVnkO(D^>;ZfnkCB}#D^CBXYn^CYGkDZVN;}ZV`;D|CBN;XCFSfyZXYCYN_G^nqZfQ
ZV[iG^>;SVnkOGj]¬A#ZfWCBDG^>@C!GkZWD| SVFVCB] A#ZfN;ZVUVCYAlCBNWGlXSWA7{;QPObXYZfG^CB}\ ¡wQbD|S¢OTN§}iCB4OTXYCBD7QTZWXq4OPN@U¢XSWA
{;[iGkZfG^OTSVN;ZVQZV`@OPQTOPGj]G^S!{(CBn|¦SWn^A Xnk]4{iG^SWUVnqZf{@>;OTX*SW{(CBnkZfG^OTSVN;DB¶}iOTD|G^nkOT`@[iG^C:}°Gkn^[;D|GRA7Si}iCBQTDRZVn^C`(CBOPN@U
{;n^SW{(S_D|C:}©  
@SVnCYgiZVAl{@QPCW;D^CYC PH< TH:E   
EWy³   ³ ¸  L/ . 6®¯N A[@QPG^OP >@SV{ N@CGj&SVnkiDN@Si}iC:DJ>(ZVCGkSnkCYQT]SVN {(CBCYnRN@Si}iCBDF¦SVnRnkSV[iGkOPN;U
Gk>4[;D2A#Zf4OTN@U*OGz{@n^SWN@CG^SZG|GqZVXqiDOP©ZRN;S4}@COTDXSVAl{@nkSVAlObD|C:}© =>_[(DoZRN@CYC:}7G^SD^CBXY[@n^CGk>@CnkSV[iGkOPN;U
{;n^SiXC:D^DB  
@SVnCYg@ZfAl{@QTCV@D^CYC TH =  THB   
_ @"/ i9/  /¦ ´ tF[;CFGkSG^>;CM}i]4N;ZVAlOTXN(ZG^[;n^CJSf©G^>;CFN@CYGjzSWn^¶_CYN;D^[@nkOPN@UG^>@CMD|CBn^4ObXCBDzZfnkCFZZfOTQ
ZV`@QTCRZWXnkSWDkDzG^>@CRN@CYGjzSWn^ObDZfN!OTA7{0SVn^GkZVN_GFZVD^0  
;SVnCg@ZfAl{@QTCV(D|CBC   I  
4 2  ´54  ¸G6  498 /  DR ¸  ¸  ¸  rzSVAl{@[iGqZGkOPSWN;ZfQZfN(}¡XSWAlA[@N@ObXYZfG^OTSVN¡XYSVN;D|G^nqZfOTN_GN;ZfG^[@nkCSV
Gk>@C*N@CYGjzSWn^}iCB4OTXYCBDA#ZfWCBDzG^>@C}@CBD^OPUWNSV{@nkSfGkSiXSVQbDZlXnkOGkOTXBZfQ©ObD^D^[@CV  
;SVnCg@ZVA7{;QPCW;D|CBC     
®¯N¤G^>;OTDlnkCY{0SVn^G7&C°XSWN;XCBNWGknkZfG^CSVN§VCY] A#ZVN;ZfUWCYAlCYN_GBCBD^{(C:XObZfQTQP] ­RCB]¡wUWn^CBCYAlCYN_GlOPN w}¡>;S4X
N;CGj&SVnk4D>@OTXq>OTDRZfNCBDkD|CBNWGkOTZVQ D|G^CB{OPN¢D|C:X[@nkOTN@Uhw}°>@SiXN@CGj&SVnkiDY J=>@CnkCBD|GJSV2G^>@C7n^CB{(SWn|GJOTD
SWn^U_ZfN@OYC:}¬ZVD*¦SWQPQTSD 7®¯N§v4CBXG^OTSVN¤EzCOTN_G^nkSi}i[;XC!D|SWAlC`;ZVD^ObXhXSWN;XCB{iGkDSfMrznk]4{iG^SWUVnqZf{@>4]VOTN
viCBXªGkOPSWN&C{;n^C:D|CBNWGRD|SWAlCUVnkSV[;{°VCY]°ZVUVnkCYCYAlCBNWGJ{@n^SVG^SiXSWQTDF{@nkSV{0SWD^CB}!¦SVnMUVnkSV[;{XSVAlA[@N@ObXYZ
GkOPSWNZfQTSVN@U#OPG^> ZfNZVN;ZfQT]iD|ObDSfGk>@CYOTnJXYSVAl{@[iGqZG^OTSVN(ZfQ ZVN;}°XSWAlA[@N@ObXYZfG^OTSVN;ZVQyXSWAl{@QPCYgiOGj]!>@ObXq>
ObDSVVCB]OTA7{0SVn^GkZVN;XChOPN Gk>@CD|G^[(}i] SVG^>@CBOPn7D|[;OGqZf`@OTQPOPGj] ¦SVnnkCBD^SV[;nkXYC¯XSVN(DjGknkZVOPN@C:}w} >;S4XCYNi
4OTn^SWN@AlCYN_GkDB  ®¯N6v4CBXG^OTSVN¡¬&C!XYSVAl{;ZVn^ChG^>@C:D|C!{@nkSfG^SiXYSVQbDOPN¤G^CBn^A#DlSfMXSVAlA[@N@ObXYZGkOPSWN;ZfQZfN(}
TUTWV(X"YZ\[\]
<    (* )(
XYSVAl{@[iGqZGkOPSWN;ZfQ©XSWAl{@QPCYgiOGj]@zZfN;}!}iObD^XY[;D^D&Gk>@CYOTnD|[;OGqZf`@OTQPOPGj]#¦SWnw}h>@SiXJCYN44OPnkSVN;A7CBN_GkDZfN;}h¨;N@ObD^>
OPG^>!Gk>@CXSWN;XQT[;D^OPSWN;D&OPNv4C:XªG^OTSVN
Ii 
     l **Y"  )!"&h ,
rznk]_{@G^SVUWnkZV{@>4]PH OTD}iC¨;N;CB} G^S°`0ClG^>@CD|G^[(}i] SVGk>@CA#ZGk>@CYA#ZGkOTXBZfQGkCBXq>@N@Oba_[@CBDn^CBQTZfG^CB}G^S
ZWD|{0CBXGkDSVoOPN@¦SVnkAlZfG^OTSVN°D^CBX[;n^OPGj]D^[;Xq>ZVDFXSVN@¨(}iCYN_GkOTZVQPOPGj]V0}@ZGqZ#OPN_GkCYUVnkOPGj]V@CBNWGkOGj]Zf[@G^>@CBNWGkOTXBZGkOPSWN
ZVN;}!}@ZGqZSWn^OTUVOTNZf[iGk>@CYN_G^ObXYZfG^OTSVN\ 2=>@C:D|CRUWSWZfQbDZfnkC*}iC¨;N;CB}ZVD&¦SWQPQTSD 
HW  2 ¸ . ¹ ³ . L/  /¦ ´¢AlCBZfN(DGkSlVCYCB{ZZ]Gk>@C*XSWNWGkCYN_GSf OTNi¦SWn^A#ZGkOPSWN#¦nkSVA[@N;OPN_G^CBN;}iC:}hnkCBXYOP{i
OTCYN_GqDY 
E@  
 @B / .  ³:6 (/¦ ´ AlCBZfN(DMG^S{@nkCYVCBN_GM[@N(Zf[iGk>@SVnkOBCB} ZfQPG^CYnqZGkOPSWNSV&}@ZfGkZ@ lwQPG^CBnkZfG^OTSVN Sf&};ZGkZ
OTN;XYQP[;}@CBDD^[;Xq>!G^>@OTN@UWDZWDOPN(D|CBn|GkOPSWN\@}iCYQTCGkOPSWN°ZfN;}!D|[;`;DjGkOGk[iG^OTSVNy 
;  y 8 ³ . /V@L/ ¸ . ObDZl{@nkSiXC:D^D`4]!>@OTXq>SWN@CXYZVN!WCYnkO¦]hG^>@COT}iCBN_G^OPGj]hSfoZ#XYQTZVOPA#ZfN_G:  6>@OTQPC
CBN_G^OPGj]hZf[iGk>@CYN_GkOTXBZG^OTSVN!ObDZf`0SV[iGGj&SSVnAlSVnkC:z{;ZVn|GkOPC:D*¦CYN_GkCYnkOPN@U7OTNWGkS#Z7XYSVAlA[;N@OTXBZGkOPSWN(z`(CBOPN@U
ZV`@QTCJGkSlOT}iCBN_G^OP¦]hCBZWXq>SVG^>@CBnB@};ZGkZ7SWn^OTUVOTN!ZV[iG^>;CYN_G^ObXYZfG^OTSVN!OTDXYSVN;XYCYnkN@CB}OGk>!G^>@C*Zf[@G^>@CBNWGkOTXBZGkOPSWN
SVzOTNi¦SVnkA#ZGkOPSWN¢}iCBQPOTVCBn^C:}SWCYn*ZXq>;ZfN;N@CYQoZWDMG^SOGqD*SVnkOTUVOTN\y}@ZfG^C#Sf&SVnkOPUWOPNyy}@ZGqZXSVN_GkCYN_GB©GkOPAlC
D^CYN_G:iCGkXV 
(  O ¸ . µ  ³ 4 ¹U/ iL/ ¸ . OTD7Z{@nkSiXC:D^D>@OTXq>¡{@n^CBVCBNWGqDZVN¡CYN_GkOGj]¢¦nkSVA }iCYN4]4OTN@U{@nkCY4OTSV[;D7XSWA
AlOPG^AlCYN_GqD2SVnZWXªGkOPSWN;DY  6>@CYN}@OTD^{@[iGkCBDoZVn^ObD|C}i[;CG^SZVN7CBN_G^OPGj]}iCBN_]4OTN@URG^>(ZGXCBn|GqZfOTN#ZVXªGkOPSWN;D&CYnkC
GqZfWCYN\iZ7AlCBZfN(DGkSln^C:D|SWQPWCG^>;CRD^OPG^[;ZfG^OTSVN!OTDN@C:XC:D^DkZfnk]V  
@SWn&CYg@ZfAl{@QTCViSVN;CJCBNWGkOGj]hAlZ]ZV[iG^>;SVnkOBC
Gk>@C{@[;nkXq>;ZWD|C*SV2{@n^SW{(CBn|Gj]`4]ZfN;SfG^>;CYnCBNWGkOGj]ZfN(}QTZfG^CYnJ}iCYN4]D|[;Xq>ZV[iG^>;SVnkO:ZG^OTSVN!ZVDUWnkZVNWGkCB}© 
wc{;n^SiXC:}i[@nkCJOTN4VSWQP4OTN@U7ZGkn^[;D|G^C:}G^>@OTnk}!{;ZVn|Gj]#ObDN@CBCB}iC:}GkS#n^C:D|SWQPWCFGk>@C}iObD|{;[iG^CW 
¢C*N@CYg_G}iObDkX[;DkDD^SVAlCMXYSVAlAlSVNZ]4D&SVZVXq>;OPCB_OTN@UG^>@C:D|C*UWSWZVQTDB 
 
		
wXnk]4{iG^SWUVnqZf{@>;OTX#D^SVQT[iG^OTSVN G^S ZWXq>@OTCYVCXSVN@¨(}iCYN_GkOTZVQPOPGj]¬OTD[;D^OPN@U¬³ . V ´54 / ¸ .   wN¤uoN;XYn^]4{iGkOPSWN
¦[;N;XªGkOPSWNhA#Zf{;D&Z{@QTZVOPNG^Cg4GOTNWGkSZXOT{@>@CYn&GkCg4GRAlCBZfN;OPN@UWQPC:D^D&}@ZfGkZW±¦SVnZUVOTVCYN Q ³_´2_ w
WCY]lObDoGk>_[(D&ZXSWA7{(ZVXªG&&Z]G^SlD^{(C:XOP¦]lG^>@CMCYN;XYn^]4{iGkOPSWN#¦[@N;XG^OTSVN¢ ¦nkSVA G^>@CRD^CGSfyZfQTQ¶CYN;XYn^]4{iGkOPSWN
¦[;N;XªGkOPSWN;DkG^S`0C[(D|C:}©  J&C¦SVnkCZVN_]D^CYN;D^CXYZVN°`(CA#ZV}iCSW[iGFSV2G^>@C7XOT{@>@CYnFG^CYg_G:(OPGJN;CYCB};DG^S`(C
}@CBXnk]4{iG^C:}[;D^OTN@U°Z}iC:Xnk]4{iG^OTN@UVCB]V( 7=>4[;DMGk>@ClCYN;XYn^]4{iGkOPSWN ZfN(} }iC:Xnk]4{iG^OTSVN¦[@N;XªGkOPSWN;D*ZfQTSVN;U
OPG^>7Gk>@CVCB]{;ZVOPn! "42}iC¨(N@CZfNlCYN(Xnk]_{@G^OTSVN#D^Xq>;CYAlCV;#%$& ('*) wFN#CYN;XYn^]4{iGkOPSWNlDkXq>@CBA7CObDoDkZfOb}
GkS#`(C  ´   ³ B(/ µ Q ³_´¢O¦SVnFCBZVXq>°ZWD^D^SiXObZG^C:}hWCY]{(ZfOTn+! "4ª(OGJOTDJXSVAl{@[@GkZGkOPSWN;ZfQTQT] jC:ZVD^]JG^S
}@CG^CBn^AlOTN@C,4N@SOPN;U#SVN@QT]-_¶ZfN;}!GkSh}iCYG^CYnkAlOPN;C.¦n^SWA/( F°S_DjGFSV G^CBN0213_ Fv4S#Gj&S{;Zfn^G^OTCBD
ObD^>@OPN;UhGkS!XYSVAlA[@N;OTXBZG^ClD^CBX[;n^CBQP]N@CBCB}G^SD|>;ZVn^CG^>@ClWCY]
#SVCBnJD^SVAlClD|C:X[@nkCXq>;ZVN@N@CBQ`0C¦SWn^C
Gk>@CY]!XYZVN![(D|CRGk>@CCYN(Xnk]_{@G^OTSVN°D^Xq>;CYAlCRG^SXYSVAlA[@N;OTXBZG^C*SWCYnZfNOTN;D^CBX[;n^CXq>;ZVN@N@CBQ  z®¯NXYSVN_G^nqZVD|GB
OTN @ ´   ³ Y(/  µ Q ³_´D^]iDjGkCYA#DoOPGObDoOTNi¦CBZWD|OT`@QTCG^S}iCGkCYnkA7OTN@C%UVOTVCBN4W 2=>4[;DCYVCBn^][;D|CBnOTND|[(Xq>
  T!#"
 
	
! "#%$'&()(* =
ZMD^]4D|G^CBA >;ZWDZMWCY]*{;ZVOPn+! (_ >@ObXq>ObD[@N@Oba_[@C&G^SM>@OTA F>@CYn: 6>@OPQTCROTD4N@SNSVN@QT]*GkSFGk>;ZGo[;D^CYn
 D^Z]  !JObDoA#ZV}iCF{@[@`@QTOTXV o=>4[;DZVN_]WSVN@CObD^>@OPN;U*G^SXYSVAlA[;N@OTXBZGkCFD|C:X[@nkCYQT]OPG^> 	
 JXYZVN
D^CYN(}>@CBn2}@ZGqZJCBN;Xnk]4{iG^C:}[(D|OTN@UMVCY].W 2sJN@QT]  XYZfNl}iC:Xnk]_{@GOPG2[;D^OPN@U ( =>4[;DBVD^[;Xq>lZJD^]iDjGkCYA
}@S_C:DZ&Z]7OGk>hGk>@CRN@CYC:}#¦SWnZ7D^CBX[;n^CRXq>;ZfN;N@CYQ©ZGZfN4]lGkOPAlCV  6>@OTQTCRD^]4AlA7CYG^nkOTX WCY]7G^C:Xq>@N@Oba_[@CBD
ZVn^CMA[(Xq>ZVD|G^CBn&G^>;ZVN!ZWD|]4AlAlCG^nkObXFSWN@CBDB_G^>@CB]n^C:a_[@OPnkCJG^>@CR{;ZVn|GkOPC:DGkSl>;ZVCMZ{;n^CY D^>;ZfnkCB}hD|C:XnkCGB 
=>4[;DZXSWA7AlSWNlD^SVQT[iGkOPSWN#OTDoG^S*Cg@Xq>;ZVN@UVCZ*D^]4AlA7CYG^nkOTXVCY][;D^OPN@UZVD^]_AlAlCGkn^ObX&G^C:Xq>@N@Oba_[@CBDB =>;OTD
>;SVQb}@D{;ZVn|GkOTXY[@QTZVn^QT]#Gkn^[@CR¦SWnFw}>@SiX*N@CYGjzSWn^iDZVDG^>@C[(D|CSVZWD|]4AlAlCGkn^ObXª VCB]hXnk]4{iG^SWUVnqZf{@>4]7¦SVn
D^CBXY[@nkOPN@UlZfQTQyXYSVAlA[@N;OTXBZG^OTSVNOTD{@nkZWXªGkOTXBZfQTQP]#OTAl{(S_D^D^OP`;QPCW 
   	 
w«XYn^]4{iGkSVUVnqZf{;>@OTX{@nkOPAlOPG^OTVC7>@OTXq>¢>@CBQP{;D*ZWXq>@OTCYVCG^>;C7UWSWZVQTDJSftJZfGkZ!OPN_GkCYUVnkOPGj]V\w[@G^>@CBNWGkOTXBZGkOPSWN
ZWD&CYQTQ ZVDJSWNi nkCY{;[;}iObZG^OTSVNObDGk>@C ¹ / 6 /¦: L/ 6 . i  ³0 =>@C{@[@nk{0SWD^CSfoZ}iOTUVOPGkZVQ D^OPUWN;ZGk[@nkC*OTD
GkS#{@nkS_Ob}iCRZlAlCBZfN(D&¦SVnFZVNCBNWGkOGj]hG^S#`@OTN;}OPGkDOb}iCBNWGkOGj]hG^SZ7{@OTCBXYC*SfOPNi¦SWn^A#ZfG^OTSVN\ o=>@C*{;n^SiXC:D^D
SVD^OTUVN@OTN@U#CYN_GqZfOTQTDGknkZVN;D|¦SVnkA7OTN@U7G^>;CAlCBDkD^ZVUVC*ZfN;}D^SVAlCD^CBXnkCGOTNi¦SWn^A#ZGkOPSWN>@CYQb}`4]G^>;CCYN_G^OPGj]
OTN_G^S#ZGkZVUlXBZfQTQPC:}Z#D^OTUVN;ZfG^[@nkCV wcUVCBN@CYnkOTXR}iC:D^XYn^OT{iGkOPSWNh¦SWQPQTSDY 
H  ObDG^>@CD^CGSVAlCBDkDkZfUVC:D&>@OTXq>XYZVN`0CD^OPUWN@CB}© 
EW ObDZlD|CYGSfCYQTCYAlCYN_GkDFXYZfQTQTCB}!D|OTUVN;ZfG^[@nkCBDB4{(S_D^D^OT`@QP]h`@OPN(Zfnk]hDjGkn^OTN@U_DzSVZ¨@giC:}QTCYN;UfG^>y 
_6ObDZG^nqZfN;D|¦SVnkA#ZG^OTSVN¦n^SWA G^>@C#AlC:D^DkZfUWC7D^CG, GkS!G^>@CD^OPUWN;ZGk[@nkC7D^CG& ZfN;} OTD*XBZfQTQPC:} Z
D^OTUVN@OTN@U*GknkZVN;Dj¦SWn^A#ZfG^OTSVNl¦SVn&CYN_GkOGj]  2=>@CJG^nqZfN(Dj¦SWn^A#ZGkOPSWN ¬OTDzVCB{iG&D^CBXYn^CYGz`4] iZfN(}#OPQTQ¶`(C
[(D|C:}GkSXnkCBZGkCMD^OTUVN;ZfG^[@nkCBDz¦SVnFA7C:D^DkZfUWCBD¦n^SWA/  
4"!  OTDZ7GknkZVN;D|¦SVnkAlZfG^OTSVNh¦n^SWAG^>@CD^CG$# G^SlGk>@CD|CYG%'&
(*)  ,+-.0/ 21W 3!  OTDXBZfQTQPC:}!Z7WCYnkO¨@
XBZGkOPSWNG^nqZfN(Dj¦SWn^A#ZGkOPSWN#¦SVn   DD^OPUWN;ZGk[@nkCBDB_ObD&{@[@`@QTObXQT]4N@SN\@ZfN(}ObD[;D|C:}h`4]#SVG^>@CBn&CBN_G^OPG^OTCBD&G^S
WCYnkO¦]D|OTUVN;ZfG^[@nkCBDXYn^C:ZG^C:}`4]  
=>4[;DJCYN_GkOGj]4  G^>;C7D^OPUWN@CYnªXYn^C:ZG^C:DFZD|OTUVN;ZfG^[@nkC*¦SWnMZhA7C:D^DkZfUWC.
`4]°XSVAl{@[@G^OTN@U5/ 16 87 :9
ZVN;}G^nqZfN;D^AlOG^G^OTN@U7G^>@C{;ZfOTn  ,/: ;/*ObDXBZfQTQPC:}hGk>@CD^OPUWN;ZGk[@n^CM¦SWnA7C:D^DkZfUWC   o=yS#WCYnkO¦]#Gk>;ZGFZ
D^OTUVN;ZfG^[@nkC/SVN#ZRAlCBDkDkZfUVC &ZWD2XnkCBZfG^CB}7`4]< WZVN7CBN_G^OPGj]=¦G^>@CWCYnkO¨(CYnªySW`iGkZVOPN(DG^>@CFVCYnkOP¨(XYZf
GkOPSWNl¦[@N;XG^OTSVN5!>¢Sf?  ZVN;}XYSVAl{@[iGkCBD@) 1A!> 7   B/C9oZfN;}ZWXYXYCY{iGqD2G^>;CJD^OPUWN;ZGk[@n^CZWDo>;Z4OTN@U`0CYCBN
XYn^C:ZGkCB}°`4]D  O8) 1:&
(E)_\ZfN;}n^C|pjCBXGkDJG^>@C#D^OPUWN;ZGk[@nkCOPF) 1G+-.0/ _ *=>_[(DMZ}iOTUVOPGkZfQ2D^OPUWN;ZGk[@nkC
>;CYQT{;DZVXq>;OPCBVCl}@ZGqZOTN_G^CBUVnkOGj]¡O}@ZfGkZObD*ZfQPG^CYnkCB}G^>;CD|OTUVN;ZfG^[@nkClzSW[@Qb}iN  GAlZfGkXq>( ZV[iG^>@CBN_G^ObXYZ
GkOPSWN6 G^>;Ch}@ZGqZ°XYZVA7Cl¦nkSVA%G^>@CD|OTUVN@CBnqRZVN;}¢N@SVN@ nkCY{@[(}iOTZfG^OTSVN  Gk>@ChD^OPUWN@CYnXBZfN@N;SfGnkC¦[;D^C#SVN@C  D
D^OTUVN;ZfG^[@nkCJSWN!ZlAlC:D^DkZfUWC:ª 
tJOTUVOPGkZfQD^OTUVN;ZfG^[@nkCBD7`;ZWD|C:}¡SWN§ZWD|]4AlAlCG^nkObXª VCY] D^]iDjGkCYA#Dln^C:a_[@OPnkCG^>@C°{@[;`@QPObX!VCB] SfJG^>@CD^OPUWN@CYn
GkS`0CFA#ZV}iCJZZVOPQbZf`;QPCGkSZfN4]7VCBn^OP¨;CYn:  = &SXSWA7AlSWN#&Z]iD2SV©ZWXq>@OTCY4OPN;UOGZfnkCCYOPG^>@CBn`4]lA#Zf4OPN;U
ZZVOPQbZf`@QTCRZfNSVN@QTOTN@C*XCYn^G^OP¨(XBZG^OTSVNZf[@G^>@SWn^OPGj]#G^S#{;n^S4Ob}iC*Zf[iGk>@CYN_G^ObXYZfG^C:}XYSV{@OTCBDSVZl[;D^CYn  D{@[@`@QTOTX
WCY]SWn`_]Z7}@OPUWOGqZfQyXYCYn^G^OP¨(XYZfG^C#¦ObD^D^[@C:}h`4]#Gk>@CXCBn|GkO¨(XBZGkOPSWN!ZV[iG^>@SWn^OPGj]@z`@OPN(}iOPN;UlZ7{@[;`@QPObXRVCB]#G^S
OPGkDSN@CYn: 
TUTWV(X"YZ\[\]
    (* )(
     4 .  G 	
¢CR>;ZVCRD^CYCYNG^>(ZGFZVCY]hOTDZVNC:D^D^CYN_G^ObZfQ©XYSVAl{(SWN@CYN_GSfAlSWD|GXYn^]4{iGkSVUWnkZV{@>@ObXSV{0CYnqZGkOPSWN;DB =>4[;D
}@CBD^OPUWN@OPN;UG^>@ChD^CGSf&G^CBXq>;N@OTa_[@C:DZVN;}¬{@nkS4XYCB}i[;n^C:D*D|[@{;{(SWn|GkOPN@UGk>@CC:DjGqZf`@QTOTD^>@AlCYN_GZVN;}¢A#ZfOTNWGkC
N(ZfN;XYCSfoWCY]iD`0CGj&CYCBNZf[@G^>@SWn^OYC:}{;Zfn^G^OTCBD¦4N@SNZWDJ²°³_´   .  60³  ³ .  ObDJZVNOPAl{0SVn^GkZVNWG
GqZVD^OTN!OPGkD^CYQPj 2®¯N!G^>@ObDD^CBXG^OTSVN!zC*D|G^[;}i]OPN°}iCYGkZVOPQ\²°³_´¤³ BBi /  8  ³ .  _>@ObXq>OTDZ7{@nkSiXCBDkDSVn
{;n^SVG^SiXSWQ\>@CYnkCY`4]ZD^>;ZfnkCB}D^CBXnkCGJ`(C:XSVAlC:DFZZfOTQTZV`@QTC*G^S#Gj&SSWnAlSVnkC{;Zfn^G^OTCBDB@¦SWnJD^[@`;D^CBa_[@CBNWG
XYn^]4{iGkSVUWnkZV{@>@ObX[;D^CV =>4[;DoOPG}iC:ZfQbD2OGk>lG^>@CF`;ZVD^OTX&GqZVD^SV0A#Zf4OTN@UZZfOTQTZV`@QTCzGkSRG^>@CF[;D|CBn2G^>;CVCB]4D
nkCBa_[@OTnkCB}#¦SWnZfQTQ©¦[iGk[@n^CXYn^]4{iGkSVUWnkZV{@>@ObXSV{0CYnqZGkOPSWN;DB 
­RCB] C:DjGqZf`@QTObD|>@AlCBNWG7A#Z] `0C`;n^S_ZV}iQT] D^[@`¶}iOP4Ob}iCB}¡OPN_GkSVCB]GknkZVN;D^{(SWn|GZVN;} WCY]¬ZfUVnkCYCBAlCYN_GB w
Q ³_´ B .  4¸  {@nkSfG^SiXYSVQ2SVnA7C:Xq>;ZfN;OTD^A%ObDZVCB]C:DjGqZf`@QTOTD^>@AlCYN_G*GkCBXq>@N@Oba_[@C>@CBn^C#SWN@C#{;ZVn|Gj]
XYn^C:ZGkCBD&SVnSVG^>@CBn^ObD|CRSW`iGkZVOPN;DZlD^CBXYn^CYGZVQP[@CW@ZfN;}D^CBXY[@n^CBQP]lGknkZVN;D|¦CYnqDOGGkSGk>@C*SfGk>@CYnDqª ow Q ³_´
 6  ³4³  ³ .  {@nkSfGkS4XYSVQ_SVnAlCBXq>;ZVN@OTD^A~ObDZJVCB]*CBD|GkZV`@QPObD^>@AlCYN_G GkCBXq>@N;OTa_[@C&OPN>@ObXq>7ZJD|>;ZVn^C:}D^CBXYn^CYG
ObD2}iCBn^OTVC:}`4]Gj&S#¦SWn2A7SWn^C {;Zfn^G^OTCBD2ZWD2ZF¦[;N;XªGkOPSWN7SV0OTNi¦SWn^A#ZGkOPSWN7XYSVN_G^nkOT`@[iG^C:}`4]WVSVn2ZWD^D^SiXObZG^C:}
OPG^>y_C:ZVXq>SV\G^>;CBD^CV©¦Ob}iCBZVQPQT]@D^[;Xq>#Gk>;ZGN@S{;Zfn^Gj]#XYZfNh{@n^C:}iCGkCYnkAlOPN@CFG^>@CMnkCBD^[@QGkOPN;UZfQT[@CV 2=>4[;D
OTN DkXCBN;ZfnkOTSWDB(>@CBn^CG^>;CYnkCObDMN@S!XYCYN_G^nqZfQZf[@G^>@SWn^OPGj]°ZfN;}G^>@C7GkZWD|°SVVCB]UVCYN;CYnqZG^OTSVN XYZfN;N@SfGR`(C
ZWD^D^OTUVN@C:}G^SZhD^OPN;UVQTC!SVnM¦CYFF{;Zfn^G^ObXOT{;ZVNWGDq ZVDJOTDMAlSWD|GMSV G^CBNGk>@C7XBZVD^COTN w}>@SiXN;CGj&SVnk4Dqª
WCY]ZVUVnkCYCYAlCBNWGMOTDRZUVS4Si}ZVQGkCYnkN;ZGkOPWCG^S!VCB]G^nqZfN;D^{0SVn^GB  J&[iGRAlSVnkCSV G^CYN¢OTN¢ZVCB]ZVUVnkCYCBA7CBN_G
{;n^SVG^SiXSWQ \OPGObD*nkCBa_[@OTn^C:}Gk>;ZGZ{(Zfn^G^ObXOT{;ZGkOPN@U°AlCBA`0CYn`0ChZVDkD^[@n^C:}Gk>;ZGN;S°SfG^>;CYn{;ZVn|Gj]¢ZVD^OT}@C
¦nkSVA Z!D^{0CBXOP¨(XBZfQTQP]°Ob}iCYN_GkO¨;C:}¢{;Zfn^Gj] ¦SWn*{;Zfn^G^OTCBDqJAlZ]°U_ZfOTN¢ZWXYXYCBDkDFGkS°Z{(Zfn^G^ObX[@QbZfn*D^CBXnkCG*WCY]V 
vi[;Xq>¥Z¬{@nkSfG^SiXYSVQObD#4N@SN¥ZVDhZfN    8³ . /Wi ³ ¹WQ ³_´  6  ³4³  ³ .  {@nkSfGkSiXSVQ  ±® GhOTDhzSWn|Gk>
N;SfG^OTN@U>@CYnkC*G^>(ZGMG^>@CG^CBn^A Zf[@G^>@CBNWGkOTXBZGkOPSWN\(OTNGk>@ObDJXYSVN_G^CYg_G:¶A7C:ZfN;DG^S!>;ZVCG^>@C_N;SQPC:}iUVCSV
Gk>@COb}iCYN_GkOGj]¬Sf{;ZVn|GkOPC:D*>@SA#Z]¢UWZVOPN ZWXYXC:D^D*G^S°Gk>@CVCB]V = SXSWn^nkSV`0SVnqZGkCGk>@CZWXªGGk>;ZGG^>@C
DkZfAlCOT}iCBN_G^OPG^OTCBDRZVXG^[;ZVQPQT]{;Zfn^G^ObXOT{;ZGkCB}°OTNGk>@C7{@n^SVG^SiXSWQ 0SVN;C>;ZWDGkShnkCYQT]SVNSVG^>@CBnJAlC:Xq>;ZfN@ObD^AlD
QTOTVChCBN_G^OPGj] Zf[iGk>@CYN_G^ObXYZfG^OTSVN\  ­RCB]¬ZVUVnkCYCBA7CBN_G{@nkSfG^SiXYSVQbDXYZVN¡`0C!}@CBD^OPUWN@CB} [(D|OTN@U D^]4AlA7CYG^nkOTXSVn
ZWD|]4AlAlCGkn^ObX*GkCBXq>@N@Oba_[@CBDB = Sh¦[;n|Gk>@CYn*OTQPQT[;D|G^nqZGkCGk>@C#Zf`0SVCXYSVN;XYCY{iGqDMzC7{@nkCBD^CYN_GFGk>@C7GjzSV {;ZVn|Gj]
tJO?>lC FCYQTQPA#ZVN!WCY]hZVUVnkCYCBA7CBN_G&{@nkSfGkSiXSVQ©ZVN;}Gk>@CYNOPGkDZV[iG^>;CYN_G^ObXYZfG^CB}!WCYnqD|OTSVN\ 
1
	 A	 + 
 / ³ °³     . ²°³_´  6  ³4³  ³ . 
=>;OTDFOTDJZ#VCB]!ZVUVnkCYCYAlCBNWG{@nkSfGkSiXSVQz ¦SVnFGjzSh{;Zfn^G^OTCBDq&`;ZVD^CB}SWNZVD^]4A7AlCYG^nkOTXRWCY]G^CBXq>;N@OTa_[@C:DY ® G
XBZfN!`(CD^[@AlA#ZfnkOBCB}!ZVD&¦SWQPQTSD 
= &SF{;ZVn|GkOPC:D3 c wQTOTXYC:ZfN;}<=  J&SV`(&¦>;SJ>;ZWCN@SM{@nkC¯D|>(ZfnkCB}*D^CBXnkCGqDk ZfUWn^CBCSWNZfN7Zf{@{;n^SW{@n^ObZGkC
{;n^OTAlCZfN(}°Z#UVCBN@CYnqZGkSVn SV 7     9ª =>@CY]!{(CBn|¦SWn^A£G^>;C*¦SVQTQPSOTN@UZWXªG^OTSVN(DCBZWXq>GkOPAlCZlD^>;ZfnkCB}VCB]#OTDnkCBa_[@OTnkCB}© 
 O ¸ :iL/ ¸ .   = "!}iCBN@SfGkCBD ~D^CYN;}@OPN@U= Gk>@Ca_[;ZfN_G^OPGj]#!SVCBnZ7{@[;`@QPObX*Xq>;ZVN@N@CYQ   
H:ZW8 ~Xq>@S4SWD^CBDZ7nqZfN;}iSWAD|C:XnkCG%$  '&  $  ( 
HB`(8  = )+*-,/.102
EVZW8=Xq>@S4SWD^CBDZ7nqZfN;}iSWAD|C:XnkCG%3 4&  3  # 
Ef`(8=   )+56,/.02
= XSVAl{@[@G^CBDG^>@C§D|>(ZfnkCB}±VCB]±ZWD87 1 7  * 9 56,/.0-)ZfN;}   XYSVAl{@[iGkCBDG^>@C§D|>;ZVn^C:}±VCY]cZVD
7 1 7 :529 * ,;.102\ =>4[;D`(SVG^> CBN;}¬[@{ OPG^> Gk>@ChXSWAlA7SWN D|C:XnkCG< * 56,/.106y  
@SVn7ZV}iC:a_[;ZGkC
  T!#"
 
	
! "#%$'&()(* @
D^CBXY[@nkOGj]W@G^>;C{@nkOPAlCD|>@SW[@Qb}°`(CZfnkSV[@N;}¬H:WEf7`;OGqDFOTND^OBCV =>4[;DGk>@CCYg@Xq>;ZfN@UWCB}!VCB]ObDSVZf{i
{;n^SgiOTAlZfG^CBQP]7G^>;CRDkZfAlCRD|OYCW 2=>@C*D|C:X[@nkOGj]#SVyGk>@OTD{;n^SVG^SiXSWQ(QTOPC:DOPNG^>;CM>(Zfnq}iN@CBDkDzSfyGk>@C*tFObDkXnkCG^C
xySVU{@n^SW`@QTCYA ¦>@ObXq>ObDJG^SXYZVQTXY[@QTZfG^C/$ UWOPWCYN  * ,/.102(¦SVnRD|[;Xq> QTZVn^UWCN4[@A`(CBnkDB R® zSVN;C[;D^CBD
UWn^SW[@{;D`;ZWD|C:}SWNlCYQTQPOT{iG^ObXXY[@n^WCBDSWN@CXYZVN7UWCG2Gk>@CFDkZfAlCQPCBVCBQiSf\D|C:X[@nkOPGj]OGk> &  `;OGzD^OYCB}7WCY]iDY 
J&[iGhG^>@ObD{@nkSfGkSiXSVQObDhD^[;DkXCB{iG^OT`@QTCG^S Gk>@C°¦SVQTQTSOPN@U A#ZVNi OTNi G^>@CY AlOb}@}iQTCZG^GkZVXq¶ ±wN¥OTN_G^nk[;}iCYn
r&ZVn^SWQ XYZVN°OPN_G^CBnkXYCY{iGMAlCBDkD^ZVUVCBD&¦nkSVA`0SfG^>  )ZfN(}4=ZfN;}Xq>;ZfN@UWCRG^>@CBAG^SC:DjGqZf`@QTOTD^>°OTN;}iOT_Ob}4
[(ZfQTQP]VCY]iDOPG^>°`0SfGk>  )ZfN;} =(>@OTQPC*`0SfGk>D  ZfN;} = Gk>@OPN;hGk>;ZGGk>@CY]!>;ZVCRC:DjGqZf`@QTOTD^>@C:}!ZlWCY]
`0CGj&CYCBNGk>@CYA#D^CYQTVC:DY #= S!{;n^CBVCYN_GMG^>@ObD*4OTN;}SVZfG|GqZVXq ZWXªGkOPWClZfG|GqZVXq@JOG*ObD*n^C:a_[@OPnkCB}G^>;ZfG*G^>@C
{(Zfn^G^ObXOT{;ZfN_GkD&`0CZf[iGk>@CYN_GkOTXBZG^C:}© o=>4[;D&CM>(ZVCMG^>@CR¦SWQPQTSOTN@U{;n^SVG^SiXSWQ 
H:ZW8 ~Xq>@S4SWD^CBDZ7nqZfN;}iSWAD|C:XnkCG%$  '&  $  ( 
HB`(8  = ) * ,/.102
EVZW8=Xq>@S4SWD^CBDZ7nqZfN;}iSWAD|C:XnkCG%3 4&  3  # 
Ef`(8=   )+56,/.02  "# 7  7 :5   * 9 9
WZW8    =  # 7   7  *  :5 9 9
>;CYnkC 7 :5  * 9yObD=  D2D|OTUVN(ZG^[;n^C&SVN(+5   *   # .7 9yObD2D|SWAlCD^]4AlA7CYG^nkOTX WCY]RCYN(Xnk]_{@G^OTSVNDkXq>@CBA7C
CBAl{@QPS]4OTN@UGk>@CVCB]	*1 +* 5  =>_[(D `4]WCYnkO¦]4OTN@UGk>@CD|OTUVN(ZG^[;n^C:D\Gk>@C&GjzSJ{;Zfn^G^OTCBDXYZVNXYSVnkn^SW`(SWnkZfG^C
Gk>@CRZVXGG^>;ZfGG^>@C*AlCBDkDkZfUVCMZVDOTN;}iCYC:}!UVCYN;CYnqZG^C:}hZVN;}D^CYN_G`4]#Gk>@CXQbZfOTAlCB}CYN_G^OPGj]V 
1
	 A	 1 B  ¸  4¥²°³W´  6  ³_³  ³ . 
­RCB]¢ZVUVnkCYCBA7CBN_G{@n^SVG^SiXSWQTD*¦SVnAlSWn^C#Gk>;ZfN GjzS°{;ZVn|GkOPC:DZVn^C4N@SN ZWDKMnkSV[@{ ­RCB]¢wFUVnkCYCBA7CBN_G
 KR­*wJ{@n^SVG^SiXSWQTDB F=>@C:D|CUVCYGJZ`@OPGJOTN4VSWQPWCB}°ZVDG^>@CGj&S{;Zfn^Gj]tFO?>#C CYQTQTAlZVNVCB]!ZVUVnkCYCBA7CBN_G
}@S_C:DN@SfGCYg_GkCYN;}hG^nkOT_ObZfQTQT]lG^SlAlSVnkCFGk>;ZfNE{;Zfn^G^OTCBDB 2=>@CY]hZVn^CM&CYQTQ\D|[@OPG^C:}GkS7G^>@CD^CBXY[@n^OPGj]#N@CBCB}@D
SVD^A#ZfQTQ ;}@]_N(ZfAlOTXV@XSWQPQbZf`0SVnqZGkOPWCFUVnkSV[;{;DZVDzG^>;CY]hS 0CBnG^>@C*{0SWDkD^OP`@OTQTOGj]SVXYn^C:ZGkOPN@UlD^CBDkD|OTSVN!VCB]4D
¦SWnCBZVXq>hUVnkSV[@{hD^CBDkD^OPSWN\_G^>4[;DZV}pj[(DjGkOPN@Ul&CYQTQ0G^S7UVnkSV[@{AlCBA`0CYnqD|>@OT{Xq>;ZfN@UWCBDB ­RCB]7¦CBZGk[@nkCBD&Sf Z
KR­*w« KMn^SW[@{°­RCY]hwFUVnkCYCYAlCBNWGªz{@n^SVG^SiXSWQ©ZfnkC 
H 2 ¸ . B(/¦y ¸  ´ KR­*w¡{@nkSfGkSiXSVQbDZfnkCzXSWN_G^nkOP`@[@G^SVnk]MOPN7N;ZGk[@nkC>@ObXq>AlCBZVN;DyG^>;ZfG2ZVQPQ_AlCYA`(CBnkD
{(Zfn^G^ObXOT{;ZGkOPN@UOPNG^>@C7{@nkSfGkS4XYSVQXSWNWGkn^OT`@[iGkCGkS&ZVnk}@DG^>@C#D^CBXYn^CYGMZfN(}°CYWCYNOTNGk>@ClZf`;D^CYN;XYCSVSVN@C
XYSVN_G^nkOT`@[iG^OTSVN!OPGOTDOTNi¦CBZWD|OT`@QTCRG^S#}iCBn^OTVCMG^>;CD|C:XnkCGB 
EW   @Q ¸7M ± ³ . Y #   8¸ (/ ´ =>@CYnkCObD7N@S D|OTN@UWQPC!AlCYA`0CYn#XYSVN_G^nkSVQTQPOTN@UG^>@CCgiC:X[iGkOPSWN
SV\G^>;CM{;n^SVG^SiXSWQ  uoWCYN!O G^>@CBn^CMOTDD^SVAlC jQTCBZW}iCYn	FOPGObDD^>@SVn^G| QPOTVC:}ZfN(}nkCBD|G^nkOTXG^CB}G^S7G^>(ZG{;Zfn^G^ObXª
[;QTZVnCgiCBXY[iG^OTSVN!Sf G^>@C*{@nkSfGkSiXSVQ  
_°²°³_´
  ³  8 . ³ : =>@CD^CBXYn^CYG¦VCB]@#}iCYnkOTVCB} XBZfN@N@SVG`(C{@n^C:}iObXªG^C:} OPN¥ZW}iZfN;XYC ¦CBVCYN `4]
SWN@CRSf G^>@C*{@nkSfGkSiXSVQ©{(Zfn^G^ObXOT{;ZfN_GkDqª 
=>;CMWCY]h}@CYnkOPWCB}h¦n^SWAG^>@CKR­*wc{;n^SVG^SiXSWQ0N;CYCB};D&G^S#AlCYCYGG^>@CR¦SWQPQTSOPN;U7D^CBXY[@n^OPGj]#¦C:ZG^[;n^C:D 
TUTWV(X"YZ\[\]
H:    (* )(
H B  ¸  4 Q ³_´  ³ V ³  ´ ¢® G!D^OPAl{@QT]¡AlCBZVN;D#Gk>;ZGhG^>@C}@CYnkOPWCB} D|C:XnkCGhD^>@SV[;QT} N@SVGh`0C}iCYnkOTW
ZV`@QTCM`4]hZ7N@SWNi {;Zfn^G^ObXOT{;ZfN_G: 
EW 
y¸  · i¹ Q ³_´  ³ V ³  ´ °CYnkCYQT]!_N;SOPN@U#SWN@CSVG^>@C7X[@nkn^CBN_GFUVnkSV[@{WCY]iDY(SVN@C7D|>;SV[@Qb}N@SfG
`0CZf`;QPCMG^S#XYSVAl{@[iGkC*{@n^CB4OPSW[;D&UVnkSV[@{!VCB]4DB 
_ @Q · i¹ Q ³_´  ³ V ³  ´ o°CYnkCYQT]7_N;SOPN@USVN@CJSf©G^>;CJX[;n^nkCYN_GzUWn^SW[@{#VCB]iDYWSVN@CMD|>@SW[@Qb}#N@SfG
`0CZf`;QPCMG^S#XYSVAl{@[iGkCR¦[iG^[@nkC*UVnkSV[;{hVCB]iDY 
4²°³_´ / . ¹ ³:4³ . ¹ ³ .  ³ M­RN;SQPC:}iUVCSf&Z!D^[@`;D^CG*Sf&UVnkSV[@{ VCY]iDMOTNGk>@ClQPOP¦C¯X]iXQTClSfZhUWn^SW[@{
`4]hZ7{;Zfn^G^ObXOT{;ZfN_GSVnSW[iGkD^Ob}iCYnª&D|>@SW[@Qb}hN@SVGCYN;ZV`@QTCM4N@SQTCB}@UVCMSf2ZfN4]VCB]SV[@GkD^OT}iCMGk>@OTDFD|[@`(D|CYGB 
IW D ³  M ³ f M ¸  · i¹  ³ V ³  ´ ­RN@SQTCB}iUWCSV&Z!QPSWN@Uf G^CBn^A D^CBXYn^CYGRD^>@SV[;QT} N@SfG*CBN;Zf`@QTClSVN@CG^S
XYSVAl{@[iGkCR{;ZVD|GUVnkSV[@{VCB]4DB 
=>4[;DOTN¡Gk>@C!XYSVN_G^CYg4G7SVFw}¡>@SiXhN@CGj&SVnkiDYKR­*w£{@nkSfG^SiXYSVQbD{@nkS4OT}iC!ZAlC:Xq>;ZfN@ObD^A GkS¢}@CYnkOPWC
Z D|]4AlAlCG^nkObXB&UVnkSV[;{hVCB]OTNGk>@CZf`(D|CBN;XCRSfZG^>@OTnk}!{;ZVn|Gj]W 
   3   "    
J&[iGUWOPWCYN°Z#Xnk]4{iG^SWUVnqZf{@>;OTXJ{@nkSfG^SiXYSVQ F{@nkOPAlOPG^OTVCM>@S }@S#zCXYSVN;XYQP[;}@CRG^>;ZfGFOGObDD^CBXY[@n^C	 =OTQPQyZ
¦CB¡}iC:XYZV}@CBDZfUWS;SVN@QT]*>@CB[@n^ObD|G^ObX{@nkS4SfD&CYnkC{@nkS4OT}iC:}>@CBn^CBOPNSVN@CzG^nkOTCB}*GkSJ{;n^S4Ob}iCzZVN_]*ZVn^OTCGj]
SVzXSWN4_OTN;XYOPN@U!ZfnkUV[@AlCBNWGqDGkS!D^>@S~Gk>;ZG*ZfN4]°D|[(XYXC:D^D|¦[@Q2ZG^GkZWXq!SWNGk>@Cl{@n^SVG^SiXSWQy&SV[@Qb}nkCBa_[@OTnkC
nkCBD^SV[;nkXYCBD`0CY]VSWN;}7G^>(ZG&ZZVOPQbZf`@QTCG^SZfN4]7ZW}iVCBnkDkZfnk]V  wN;}#OP©G^>;CF{@nkSfGkS4XYSVQ@ZVDZf`@QTCG^SOGk>;D|GkZfN(}
ZfG|GqZVXqiDFSWCYnjQTSVN@U {(CBn^OTSi}@DMSfoGkOPAlCW\OG*ZVDMXSWN;D|Ob}iCBn^C:}G^S!`(C#D^CBXY[@n^CW *® G*&ZWDFN@SVGM[;N;XSWA7AlSWN
¦SWnoGk>@CJ{;n^SVG^SiXSWQTDoG^S`0C¦SW[@N;}
(ZzC:}l]VC:ZfnqDoZ GkCYnzG^>@CB]7>(ZV}#`0CYCBNZf{;{@n^SWCB}¦SVn |>@OPUW>i ZVQP[;CFZf{i
{;QPObXYZfG^OTSVN;DBVGk>4[;D&n^C:D|[@QPG^OTN@UOPNhD^CYWCYnkCJD^CBXY[@n^OPGj]7>;Z :Zfnq}@DZVN;}#Cgi{0CYN;D^OTVCFnkC CYAl{@QTS]4AlCYN_GB dCBXYCYN_G^QT]
Gk>@CYnkCR>;ZVD`0CYCBN°ZfN![@{;D^[@n^UWCROPN!G^>;CDjGk[;}i]hSVD^CBXY[@n^OPGj]{@nkS4SfD&Sf{@nkSfGkS4XYSVQbDY 
mn^SZf`;QPCv4C:X[@nkOGj] @   E;OTDXSVN(XCYnkN@C:}OPG^>l{@nkS4OPN@URD^CBX[;n^OPGj]{@nkSfGkS4XYSVQbD2D|C:X[@nkCV =>@C`;ZWD|ObXDjGkCY{;D
OTN4VSWQPWCB}OTN°Zfnkn^OT4OPN;UZGGk>@C*{@nkS4SfZVn^C
H&tFCY¨;N@CRG^>;C*{@n^SVG^SiXSWQ  
EW&tFCY¨;N@CRG^>;C|ZW}iVCBnkDkZfnk]ZVN;}!OGqDXYZV{;Zf`@OTQTOGkOPC:DY 
_&tFCY¨;N@C*>;ZfGOGAlCBZVN;D`4] jG^>@C*{@nkSfGkSiXSVQ¶ObDD^CBX[;n^C q 
4*monkS4OT}@ChZ|n^C:}i[;XªGkOPSWN #¦n^SWA%Gk>@CZfG|GqZVXq¢SVN Gk>@Ch{@nkSfGkSiXSVQG^SZVN¡ZG^GkZWXq SWN¬G^>@C![@N;}iCBn^QT]4OPN;U
|>;ZVnk} M{@n^SW`@QTCYA 
viSCBDkD^CYN_G^ObZfQTQP]¬&ChGkn^]¬GkS{@nkSVChG^>;ZfG7[;N;}iCYn#ZUVOTVCYN¤D|CYG7SVJZVDkD|[;A7{@G^OTSVN;D!ZWD7ZWD^D^[@AlCB} OPN¤G^>@C
AlSi}iCBQbzZfN4]D^[;XYXYCBDkDj¦[@Q¶ZG^GkZWXq#SVN#Gk>@CR{@n^SVG^SiXSWQ(OTQTQ0nkCBD^[@QPG&OTNZ7D^[;XYXYCBDkDj¦[@Q©ZfG|GkZWXqlSVNGk>@CM[@N;}iCBn|
QT]4OPN;U!&CYQTQP 4N@SN j>(Zfnq} {@nkSV`@QTCYA ¦QTOPWC7G^>@ChtJObD^XYn^CYG^C#x\SWU!{;n^SW`@QPCBAª h=>4[;DM¦[@n^G^>;CYnZWD^D^[@AlOPN;U
Gk>;ZGFG^>@C[;N;}iCYnkQT]_OTN@U |>;Zfnq} R{@n^SW`@QTCYAOTDD^CBXY[@nkC*zCDkZ]#Gk>;ZGGk>@CUWOPWCYN{@nkSfG^SiXYSVQ\ObDD^CBX[;n^CW &=>@C
XYSVN;XYCY{iGSV&{;n^SZf`;QPC#D^CBX[;n^OPGj]ObDD|G^OTQPQzCYVSWQP4OTN@U;yOGk> D|{0CBXYOTZVQoC ¶SVn^GkD*`0CYOTN@UA#ZW}iClG^S°A#ZfWClG^>@C
{;n^S4SfDRAlSWn^C#[;D^C¦[;Q{@nqZVXG^ObXYZfQTQT]V  J&[iGD|G^OTQPQ&ZfN4] |{@nkSZV`@QTClD^CBXY[@nkC7{;n^SVG^SiXSWQoXYZfN¬`0ChXSWN;D^OT}iCBn^C:}
AlSWn^C*D^CBX[;n^CJG^>;ZVN°Z{;n^SVG^SiXSWQ0OPG^>N@SWN@CV 
  T!#"
 
	
! "#%$'&()(* HWH
    	e *c* #"z ,
KMnkSV[;{¥­RCY]¤wFUVnkCYCBA7CBN_Gh{@nkSfG^SiXYSVQbDl¨;N;}¥ZV{@{@QTOTXBZGkOPSWN;D#OTN¥A#ZfN4]¡UWn^SW[@{6Zf{@{@QTObXYZGkOPSWN;DOTN;XYQP[;}@OPN@U
GkCYQTCY{@>;SVN@CZVN;}§4OT}iCBS¡XSWNi¦CYnkCYN(XCBDBn^CBAlSfG^CXYSVN;D^[@QPGkZfG^OTSVN6ZfN;}6}@OTZVUVN@S_D|ObD#D|]iD|G^CBAlD¦SVnAlC:}iOTXBZfQ
ZV{@{@QTOTXBZGkOPSWN;DY0XSWNWGknkZWXªGN@CBUVSVG^ObZG^OTSVNy(A[@QGkO {;ZVn|Gj]UWZfAlC:DY¶XSWQPQbZf`0SVnqZGkOPWCM&SVnkh{;QTZWXCBDB0CYQTCBXªGkn^SWN@ObX
XYSVAlAlCYnqXC7CYN44OPnkSVN;A7CBN_GkDMD|[;Xq>¬ZVDMSWNi QTOTN@Cln^C:ZfQP GkOPAlClZf[;XG^OTSVN;DB\ZfN;} OTNi¦SVnkA#ZG^OTSVN¬}iObD^D^CYAlOTN;ZGkOPSWN
SVD|G^SiXqa_[@SVG^C:DY hZfN4] KR­*w{@nkSfGkSiXSVQbDM>;ZVCl`0CYCBN {@n^SW{(S_D|C:}OTN¢G^>@C#QTOPG^CYnqZGk[@nkCV  6>@OTQTChD|SWAlC
ZVn^CSVN@QT]D^[@OGqZf`@QTC7¦SVn*D|GkZGkOTXUVnkSV[;{;DFSVG^>@CBnkDM&SVnkOPN¢XYZVD^C7SfzXYCYn^GkZfOTN4OTN;}@DRSVUVnkSV[@{(DFSWN@QP] ¦¦SVn
OTN;D|GkZVN;XCUWn^SW[@{;D2OPG^>XCYn^GkZVOPN#N4[@A`(CBnSV¶AlCBA`0CYnqDoSVnzUVnkSV[@{(D2OGk>#G^>;CJZf`;OPQTOGj]G^SQPObDjGkCYN#GkSA[;Q
GkOP{;QPC#`@nkSWZW}@XYZWDjGqDFOTN ZD|OTN@UVQTCln^SW[@N;};  6>@OPQTCD^CBX[;n^OPGj] 
(ZDR>;ZWC`0CYCBN ¦SW[@N;} OPN D^SVAlClSfGk>@CYnqDY 
¢C{@nkCBD^CYN_G>@CBn^C#{;n^SVG^SiXSWQTD*>;OTXq> &SVnkOTN XYZVD^C#Sf}i]4N;ZVAlOTXlUWn^SW[@{;DZVN;}¬ZfnkC#VCYnk]UWCYN@CBn^ObXlOTN
Gk>@CYOTnZVDkD^[@Al{iG^OTSVN;DZV`(SW[iGzGk>@CRUVnkSV[@{!D|OYC:DZfN;}!}i]4N;ZfAlObXYDZfN(}hOPG^>!N@Sl4N@SND^CBXY[@n^OPGj] 
(ZD&OTN
Gk>@CYA 2uZWXq>{@n^SVG^SiXSWQ¶OTD}iCY¨;N@C:}OTN!G^CBn^A#DSfG^>;CR¦SVQTQPSOTN@U7SV{0CYnqZG^OTSVN(D 
H ,. /¦L/   ²°³W´  6  ³_³  ³ .  , ²  ;=>;OTDnkC¦CBnkD&GkSlG^>@CD^CGk[@{°DjGqZfUWCM>;CYN°Z7N_[;A`0CYnSVN@CB
[(D|CBnkD}iC:XOb}iCRG^S#}iCBn^OTVC*Z7N@CY±UVnkSV[;{hVCB]V 
EW  /  / i ´¡²°³_´  6  ³4³  ³ . 	| ² 
 @=>@ObDznkC¦CBnkDzGkSGk>@CRUVnkSV[@{AlSi}iOP¨(XYZfG^OTSVN{@n^SiXYCB}i[@nkCBD
 Z GkCYn*ZhUWn^SW[@{ObDJ¦SVnkAlCB}; ® G*OTDMC:D^D^CYN_G^ObZfQGk>;ZG*CBZWXq>SfzG^>@C:D|C7SV{0CYnqZGkOPSWN;DMQPC:ZV}G^SZXq>;ZVN@UVC7OTN
Gk>@C*UVnkSV[;{hVCB] GkS#A#ZfOTNWGqZfOTNWCY]OTN;}iCB{(CBN;}iCBN;XCª o=>@C:D|C*SW{(CBnkZfG^OTSVN;DZfnkC 
Z_ EVSWOPN!sJN@C*N;CY AlCBA`0CYnObD|>;CBD&G^SMpjSWOPN°ZfNZfQTnkCBZV}@]#CBD|GkZf`;QPObD|>;CB}!UVnkSV[@{y 
`0tFCBQPCYG^C owcAlCBA`0CYnQTCBZWCBDM¦VSWQP[;NWGqZfnkOPQT]SWn&SVG^>@CBn^ObD^C:&Z7UVnkSV[@{\ 
X:om2ZVn|GkOGkOPSWN!w UVnkSV[;{#OTD}iOT4OT}iC:}OTN_G^SGj&SSVn&AlSVnkC:oD^A#ZfQTQPCBnUWn^SW[@{;DB  ® GXYZVNhZfQbD|S`(CM4OPCBzC:}ZVD
Z ^tFCBQPCYG^C MSfAlSVnkCMG^>;ZVNSWN@CRA7CBA`0CYn: 
}(°CYnkUVC= zS°SVnAlSVnkC:zUVnkSV[;{;D&UVCGGkSVUVCYG^>@CBnG^S7¦SVnkA ZlD^OPN@UWQPCRUWn^SW[@{\ ® GFXYZfNZfQbD^S7`0CR4OPCBzC:}
ZWDZ  EWSVOTN J`4]AlSVnkCMG^>;ZVNSVN@CRAlCYA`(CBnB 
®¯N >(ZG*¦SVQTQTSD*zC}@C¨;N@CG^>@C{;n^SVG^SiXSWQTD*OTN¬G^CBn^A#D*SVG^>@ChZV`(SWClA7CBN_G^OTSVN@C:}¬SV{0CYnqZG^OTSVN(DY  
@SVn
Gk>@CJG^nkCYC `;ZWD|C:}#{@nkSfG^SiXYSVQbDY_®j­*w¥SW{(CBnkZfG^OTSVN>;ZWD&N@SfG`(CBCYN{@n^S4Ob}iCB}`_]lGk>@CRZf[iGk>@SVnqDY_`@[iGOPG&ObD&N@SfG
>(Zfnq}*G^S*}iCB4OTD^CSVN@C&`4]A#Zf4OPN;UPEVSWOPNlXYZVQPQbDY wQbD|SMGk>@C&G^nkCYC `;ZWD|C:}{@nkSfGkS4XYSVQbDyQbZVXqZV[iG^>;CYN_G^ObXYZfG^OTSVN\
Gk>4[;DMzC7>;ZVCN@SfG*OTN;XQT[;}iC:}Gk>@ClXSWD|GROPN;XY[@nkn^C:}OTN {@nkS4OT}@OPN@U!Zf[iGk>@CYN_GkOTXBZG^OTSVN OPNG^>@C#ZVN;ZfQT]iD|ObDFSV
C:ZVXq>°SV2G^>@C7{@nkSfG^SiXYSVQbDY 
OTUV[@nkCBD7¦>@CBn^CN@CYC:}iCB};F>;ZWC`(CBCYN{;n^S4Ob}iCB}!GkShOTQPQT[;D|G^nqZG^C7ZnkCY{@nkCBD^CYN@
GqZGkOPWCCg@ZfAl{@QTCV MwNZVN;ZfQT]iD|ObDSV2G^>@C7XSWA7{;[iGkZfG^OTSVN;ZVQ ZfN(}XSWA7A[@N@ObXYZfG^OTSVN;ZVQ XSWAl{@QPCYgiOGj]!OTDMZfQbD^S
{;n^S4Ob}iCB}© 
   " 
rzQTObaW[;CBD| ®   ZWD^D^[@AlCBDJGk>@C7¦SVQTQPSOTN@UD|CYG|G^OTN@U¤AlCYA`0CYnqD  VP T T  >@S!>;ZVC7{@nkCY4OPSW[;D^QP]
ZVUVnkCYC:}#SVN ZXY]4XYQPObXRD|[;`i UWn^SW[@{SV 6 Sf SWnk}@CYn4  1  # &:&ZVN;} ¬UWCYN@CBnkZfG^SWnzSV7 owQbD|SC:ZVXq>
 2D^>;ZfnkCBD"!Z#D^CBXYn^CYGOGk>
#¶ 7$ %¶ o=>@OTDFD|C:XnkCGCYN;ZV`@QTCBD&G^>;C*[;D|CBnG^S#XYSVAl{@[iGkCRG^>@C*UWn^SW[@{
WCY]#¦nkSVAG^>@CR¨;N(ZfQ\}iSN 
(S AlCBDkD^ZVUVCJG^>4[;DZW}@}iOTN@U#Zf[iGk>@CYN_G^ObXYZfG^OTSVNG^SlGk>@C*{@nkSfG^SiXYSVQ  
&('*),+.-/-10(234065*2(7"8,9.:;<0=:,0(31+ >?0(:A@%347"B5C),0=D,8,;,9.+.2=E"06F-G7H@I0JH2K)L7H51),0(3G;MFN:7"+ V,O JP5RQG7HSRD,JH345RFT+ UN06SWV0(9.9.BAJ V E"06FJ O 310(0(BN0 V 55C)M8,- V 7H5=310(XM8,+.31+ VO 5C)006YZ+.-1510 V 2(07H@[J-C0(2(8,310\2K),J VHV 0(9^]
TUTWV(X"YZ\[\]
HE    (* )(
h¸  . ¹ F      yMW  &{ 
;S±°CBDkDkZfUVC:Dk
H:# 2D|CBQPC:XªGkDnqZfN(}iSVA ( 8EV#    .% 
	   6  &  "! 1  #  $ 
h¸  . ¹ §tJSN 
;S CBDkD^ZVUVC:
H:  D^CYQTCBXªGqDnkZVN;}iSWA (  8EV# ¡wFx x .% #% '&  	  $ &( )* &    &! 1
=Zf`;QPClH zrzQTObaW[;CBD| ®z®j­*w±wFQPUWSVnkOGk>@A

OTUV[@nkClH 2®j­*w±OPNrzQTOTa_[@C:Dj ®
A	 + 	 + , ² 
®j­*w§XSWN;D^OTD|GkD Sf@Gj&SJD|GkZVUVC:DD^CYC=Zf`@QTCJH\[;{ 
;S  dSV[@N(}#&zG^SL%&yZVN;}}@SN 
;S6dSW[@N;} yª 
®¯N!Gk>@C*[@{ 
;S±DjGqZfUWCV@XSWN_G^nkOP`@[@G^OTSVN;D&¦nkSVAZfQTQ¶G^>@C*UWn^SW[@{AlCBA`0CYnqDZfnkCRXYSVQTQPC:XªGkCB}© ouzZVXq>!A7CBA`0CYn
  nkCBXYCYOTVCBD<*ZfQT[@CBDB@  &!SfJ>@OTXq>§ZfnkChOTN_G^CYnkAlCB}iObZGkC!ZVN;} &XYZVnk}@OPN;ZVQ     XSWN_G^nkOP`@[@G^CBD7OPGkD
D^CBXYn^CYGJZfN(}{;ZVDkD|C:DSWN4&OTN_G^CBn^AlCB}@OTZfG^CZVN;} &XBZfnq}iOPN(ZfQyZVQP[@C:DGkS-    F®¯N°G^>@C7}iSN 
;S~D|GkZVUVCV
  ZVQTD^S4N@SN ZWDMG^>@CXYSVN_G^nkSVQTQPCBnqF{0CYn^¦SVnkAlD*ZD^OPAlOTQTZVnRSV{0CYnqZG^OTSVN¬ZfN(}`@nkSWZW}@XYZWDjGqDGk>@C#nkCBD^[@QG
GkSlG^>@C*UWn^SW[@{\ ouzZVXq>AlCYA`0CYn   {@ObXqiD&G^>@CZVQP[@C*AlC:ZfN_G¦SVn>@OTA ¦O   CW  
% +&  	       &   ZfN(}
nqZfObD^CBDJOG*GkSGk>@Cl{@nkS4}@[;XªG*Sf&>@ObDD|C:XnkCG*XSWNWGkn^OT`@[iGkOPSWN ZVN;}Gk>@C#OTN_WCYnqD|CSf 7   G^SUWCGRG^>@ClUWn^SW[@{
D^CBXYn^CYGB 2=>@C*UWn^SW[@{D^CBXYn^CYG&Gk>4[;D}iCBn^OTVC:}hObD%7-, 1           &  v4CYC 
OTU; HR¦SVnZVNCYg@ZfAl{@QTCMOPG^>
.l{;ZVn|GkOTXYOP{(ZfN_GkDB 
=Zf`;QPC#E{@n^C:D|CBN_GkDJG^>@C#XYSVAlA[@N;OTXBZG^OTSVN(ZfQ2ZfN;} XSWA7{;[iGkZfG^OTSVN;ZVQXYSVAl{@QTCgiOPGj]Sf&®j­*w)OTN¡rzQPOba_[@CBD| ®ª 
=>;CXSVAlA[@N@ObXYZGkOPSWN;ZfQoXYSVAl{@QTCgiOPGj]OTD}iC¨(N@CB}¢OTN¬G^CYnkA#DRSfG^>;C#N_[;A`0CYnSV&nkSV[@N(}@DY N4[@A`0CYnSV
  T!#"
 
	
! "#%$'&()(* H:
2 ¸    . /WiL/ ¸ .
dSW[@N;}@D N
CBDkD^ZVUVCBD N
N;OTXBZVD|G NiqH
J&n^S_ZV}@XBZVD|G H
2 ¸  4 y:iL/ ¸ .
S; 2SV u2gi{0SVN@CBN_G^ObZG^OTSVN(D G &M¦SVn%     yª  ¦SVn% 
=Zf`@QTCE zrzQTOTa_[@C:Dj ®®j­*wcwN(ZfQT]4D^ObD
h¸  . ¹ &l'{ 
(S AlCBDkDkZfUVCMAlCBZVNWG¦SWnG^>@C*N@CB AlCBA`0CYnª
H: !D|CBQPC:XªGkDnqZfN(}iSVA ( 86EV       = .%  	       &   )* &   ! 1! #       &
h¸  . ¹   tFSN 
;S AlCBDkDkZfUVCJ¦SVnZVQPQ 
H:  MD^CYQTCBXGkDnqZfN;}@SVA (Z   EV    wJxyx % 
% &    	       &       &   ! 1
= ZV`@QTCR rzQPOba_[@CBD| ® EVSWOPNwQTUVSWn^OPG^>;A
GkSfGqZfQ&A7C:D^DkZfUWCBDCg@Xq>;ZVN@UVC:}©G^>@CN4[@A`0CYn7SfJ[@N@ObXYZVD|GlA7C:D^DkZfUWCBDZfN;} G^>@C!N4[@A`0CYnlSfJ`@n^S_ZV}@XBZVD|G
AlC:D^DkZfUWCBDOPN7Gk>@C{@nkSfGkS4XYSVQink[@NlSf/[(D|CBnkDB  =>@CXYSVAl{@[iGqZGkOPSWN;ZfQ@XYSVAl{@QTCgiOGj]7D|{0CBXYO¨(CBDGk>@CN4[@A`0CYn
SV@Cgi{0SVN@CBNWGkOTZfG^OTSVN;D {0CYn^¦SVnkA7C:}*`4]RCBZVXq>*[(D|CBn OTNGk>@Cz{;n^SVG^SiXSWQVCgiC:X[iGkOPSWN\  wJD ZVQPQ4{@nkSfGkS4XYSVQbDyD|G^[;}@OPC:}
OTN7G^>@ObD2nkCY{0SVn^GoZfnkC&N;SfGZf[@G^>@CBNWGkOTXBZGkCB}©f&C>;ZWCzOTUVN@SWn^C:}Gk>@CXSWAl{@[iGkZfG^OTSVNlXS_DjGoSV0Zf[@G^>@CBNWGkOTXBZGkOPSWN
GkSl`(CZV`@QPCMGkS#AlZVVC*ZZfOTnXSWA7{(ZfnkOTD^SVN\ 
A	 + 	 1  ¸ / .  ³  60³
6>;CYN°Z7N@CY±AlCYA`0CYn%# MZfnknkOPWCBDBVGk>@CSVQb}!XSVN_Gkn^SWQPQTCYnhUVCYN;CYnqZG^C:DZlN@CY±D|C:XnkCGCgi{0SVN@CBNWG
ZVN;} ¦SWn^Zfnq}@D7Z |®j­*w [@{ 
(SQPOTVC  AlCBDkD^ZVUVChG^S         UVCYN;CYnqZG^C:DOPGkD#D^CBXYn^CYGBonqZfN(}iSVA
ZVQP[@CMZfN;}`@n^S_ZV}@XBZVD|GkDGkSGk>@CFUWn^SW[@{hZVN j®j­*w }@SN 
;S§QPOTVC AlC:D^DkZfUWCV 2v4CYCM= ZV`@QPC:DzZfN;}ZfN(}

OTU; oE¦SVn}@CGkZVOPQbDB 
6>;OPQTCOTN °CBn^UWC¡XYSVN;D^OT}@CYnkCB}6ZVDG^>@ChpjSVOTN@OTN@U Sf 6N@CY AlCYA`(CBnkDq    nkCBXYCYOTVCBD#G^>@C EVSWOPNi
nkCBD^{0SVN;D^CQTOTVClAlCBDkD^ZVUVC¦nkSVA G^>@C#SWQT}¢XSWNWGkn^SWQPQTCYn:©ZfN;}G^>;CYnkCBZ GkCYnZVN ®j­*w {@nkSfGkS4XYSVQObDRCgiCBXY[iG^C:}
ZVAlSVN@U_DjG&G^>@CRN@CB AlCYA`(CBnkDZVN;}¨(N;ZfQTQP]     `@n^S_ZV}@XBZVD|GkDzZ7}@SN 
;S6AlCBDkD^ZVUVCM>@ObXq>CBN;Zf`@QTCBD
ZVQPQAlCYA`(CBnkD7¦SWQT}ZVN;}N;CYFGkS!XYSVAl{@[iGkCGk>@CN;CY~UVnkSV[;{VCB]V ¢CJpj[;DjGRUVOTVC7ZfNCYg@ZfAl{@QTC 
OTU; 
_&ZfN;}hC>XOTCYN;XY]hZfN(ZfQT]4D^ObDM = ZV`@QTCKIW&ZfN;}hSVAlOGGk>@CZfQTUVSWn^OPG^>@AZWDOGObDCBZVD^]lG^S#}iCBn^OTVCJ¦nkSVA EWSVOTN
ZVN;}®j­*wc{@n^SVG^SiXSWQTDB 
TUTWV(X"YZ\[\]
HB    (* )(

 OTUV[;n^CE  EWSVOTNOTNrzQPOba_[@CBD| ®
2 ¸    . / Vi/ ¸ .
dSV[@N;};D E
°CBDkD^ZVUVC:D E
FN@OTXBZVD|G H
J&nkSWZW}@XYZWDjG H
2 ¸  4 y:iL/ ¸ .
S( Sfu2gi{(SWN@CYN_G^ObZGkOPSWN;D &M¦SWn%    yI$ &M¦SVn%  # 
=Zf`;QPCR zrzQTObaW[;CBD| ®EWSVOTNwN;ZVQP]iD^OTD
2 ¸    . /WiL/ ¸ .
dSW[@N;}@D   &
°C:D^DkZfUWCBD   &
N@ObXYZWDjG 
J&n^S_ZV}@XBZVD|G &
2 ¸  4 y:iL/ ¸ .
S; 2SV u2gi{0SVN@CBN_G^ObZG^OTSVN(D   &M¦SWn%¶I  2¦SWn% G  &      @ &R¦SVnSVG^>@CBnkD
=Zf`;QPC I rzQTOTa_[@C:Dj ®zCYnkUVC*wN;ZVQP]iD^OTD
  T!#"
 
	
! "#%$'&()(* H I

 OTUV[;n^C*2°CBn^UWCROPNrzQTOTa_[@C:Dj ®
h¸  . ¹ &#tJSN 
;S AlC:D^DkZfUWCJ`4]Gk>@C OTUV>;CBD|G| OPN;}@CgiCB}AlCYA`0CYnª
H:  D^CYQTCBXGkDnqZfN;}iSWA (  86EV    ¡duw®j®jMK?% #%   	       	   \d 1
= ZV`@QPC < rzQPOba_[@CBD| ®&x\C:ZVCHFm2Zfn^G^OPG^OTSVNhwFQPUWSVnkOGk>@A
A	 + 	 A  ³   ³  DJiL/¦/ ¸ .
®¯N±Z¡QTCBZWCSWn!{(Zfn^G^OPG^OTSVN  D|CBC¢=Zf`;QPC <WFGk>@C nkCYA#ZVOPN@OTN@U§>@OTUV>@C:DjG^ OTN;}iCYg4C:}6AlCYA`(CBnXq>@S4SWD^CBDhZ
nqZfN(}iSVA D^CBXYn^CYGZfN;}§`@nkSWZW}@XYZWDjGqDZ }iSN 
;S AlCBDkDkZfUVC!OPG^> ZfQT[@CBD#>;OTXq> CYN(Zf`@QTCA7CBn^CBQP]¡G^>@C
N;SVNi QPC:Z4OPN@UAlCYA`0CYnqDMG^S°XYSVAl{@[iGkCGk>@C#UVnkSV[;{VCB]V  
@SWnMCYg@ZfAl{@QTC7OTN
OPU( (\>@CYN 
#QTCBZWCBDB
Gk>@CYN UWCYN@CBnkZfG^C:DFZN;CY D^CBXnkCG ( ZfN;}`@n^S_ZV}@XBZVD|GkDGk>@C7A7C:D^DkZfUWC*G^ShG^>@C7nkCYA#ZfOTN@OTN@UAlCYA`(CBnkD
dF 1 %     *1*OGk>!G^>@C*ZfQT[@C #       % 
 AlObD^D^OPN;U; 
   " I
rzQTObaW[;CBD| ®^® THVHAlOPN;OPAlOYCBDG^>@CXSVAl{@[@GkZGkOPSWN°{(CBn|¦SWn^AlC:}`4]!CBZWXq>!AlCBA`0CYnFOTN®j­*w ZfN;}°D^SZfQbD^S
CYnkUVC:&ZfG&Gk>@C*Cgi{0CYN;D^CRSfAlSVnkCRXYSVAlA[;N@OTXBZGkOPSWNhAlCBDkD^ZVUVC:DGk>;ZfNrzQTOTa_[@C:Dj ®ª 
A	 1
	 + , ² 
®¯N G^>;C#[@{ 
;S n^SW[@N;}§D^CYC=Zf`@QTC#WªyCBZVXq>¢AlCYA`(CBn*nkZVOTD^CBDJG^>;C#n^C:XCYOTVC:}AlC:D^DkZfUWCGkS!OPGkDD|C:XnkCGB 
=>4[;DFOPN(DjGkCBZV}SVzCYg4{0SVN;CYN_G^ObZGkOPSWN;D ¦SWnGk>@C #AlCYA`(CBnqFZVDOTN rzQTOTa_[@C:Dj ®ª;SWN@C>;ZWDG^S{(CBn|¦SWn^A
TUTWV(X"YZ\[\]
H<    (* )(

 OTUV[;n^CR 2xyCBZVC(Fm2Zfn^G^OPG^OTSVNhOPNrzQTOTa_[@C:Dj ®
2 ¸    . / Vi/ ¸ .
dSW[@N;}@D H
°CBDkD^ZVUVC:D H
FN@OTXBZVD|G 
J&nkSWZV};XYZVD|G H
2 ¸  4 y:iL/ ¸ .
S( 2Sf uog4{0SVN;CYN_G^ObZGkOPSWN;D &M¦SWn%      ª   ¦SWn%  
_F[@A`0CYnSV QTCBZ4OTN@UAlCBA`0CYnqD
=Zf`@QTC= rzQTOTa_[@C:Dj ®zxyCBZWCHFm2ZVn|GkOGkOPSWNhwN;ZVQP]iD^OTD
  T!#"
 
	
! "#%$'&()(* H(=
h¸  . ¹  7        &*9M'{ 
;S AlCBDkD^ZVUVCBDq
H: 2D^CYQTCBXGkDnqZfN;}@SVA (Z  6EV    .%  	     1
h¸  . ¹   &## GJ`@nkSWZW}@XYZWDjGqDoGkSZfQTQb
H:  G D|CBQPC:XªGqDnkZVN;}iSVA (  *  6EV G¡wFxyx %  	  $ &   1
h¸  . ¹ ¤'N@ObXYZWDjGAlC:D^DkZfUWCF¦nkSVA ZVQPQ¶GkS   
H:wJxyx        %  	       &     1  * &    &!
h¸  . ¹ $ &##h`@nkSWZW}@XYZWDjGqDzZ#}@SN 
;S¥AlCBDkDkZfUVCJG^S#ZVQPQ 
H: ¡wFxyx % #%  &  	   &     &   &! 1
=Zf`@QTC*zrzQTOTa_[@C:Dj ®|®z®j­*wcwQTUVSVnkOPG^>@A
2 ¸    . /WiL/ ¸ .
dSW[@N;}@D   &
°C:D^DkZfUWCBD    &
N@ObXYZWDjG   
J&n^S_ZV}@XBZVD|G 
2 ¸  4 y:iL/ ¸ .
S; 2SV u2gi{0SVN@CBN_G^ObZG^OTSVN(D .7¦SVn# &0     &:  ¦SVn% GI ¦SVn%#
= ZV`@QTC @ zrzQPOba_[@CBD| ®|®®j­*wcwFN;ZfQT]iD|ObD
D^OTA7{;QP]lSVN;CFCgi{0SVN@CBN_G^ObZG^OTSVNy 6>;CYN#Gk>@OTD&AlCBDkDkZfUVCFn^C:ZVXq>@C:D *:4>@CR}iS4CBDG^>@CRD^ZVAlCFZfN;}`@n^S_ZV}4
XBZVD|GkDMGk>@CnkCBD^[@QGkOPN;U!AlC:D^DkZfUWCGkSZfQTQ  w&G*G^>@ObDD|GkZVUVC#ZfQTQoAlCYA`(CBnkD#      yMZWXªGkSVn*SV[@G*G^>@CBOPn
XYSVN_G^nkOT`@[iG^OTSVN#`_]RnqZfObD|OTN@U&G^>;CnkCBXCBOPWCB}MAlCBDkD^ZVUVCGkSG^>@COPN4VCBnkD^C2Sf4Gk>@CYOTnD^CBXYn^CYGq¶ZVN;}*D|CBN;}[@N@ObXYZVD|Gq
OPGG^S 0  XSVAl{@[@G^CBDZM}iSN 
;S¬AlCBDkD^ZVUVCF pj[;D|GQTOTVCOTNlrzQTObaW[;CBD| ®| ZfN;}`@n^S_ZV}@XBZVD|GkDyOGG^SRZfQTQ  
EWSVOTNZfN;}QPC:ZVC(F{;ZVn|GkOGkOPSWN{@nkSfG^SiXYSVQbD¦SWnJrzQPOba_[@CBD| ®|®ZfnkCMDkZfAlC*ZVDOTNrzQPOba_[@CBD| ®ª 
A	 1
	 1  ³  60³
CYnkUVChObDlD|OTAlOPQbZfn7GkSGk>@CSVN@C!OPN¥rzQTOTa_[@C:Dj ®*OGk>¡Gk>@CrzQPOba_[@CBD| ®|®®j­*w£`(CBOPN;U¢[(D|C:} `4]¬G^>@CN@CB
AlCBA`0CYnqDOPN;D|G^C:ZV}©  ¢CR{@nkS_Ob}iCMG^>;C*C>XOTCYN;XY]hZfN(ZfQT]4D^ObDzOTN°= ZV`@QTC7H:@ 
TUTWV(X"YZ\[\]
H:    (* )(

OPUW[@nkCKI2®j­*w±OPNrzQTOTa_[@C:Dj ®|®
2 ¸    . / Vi/ ¸ .
dSV[@N;};D   
°CBDkD^ZVUVC:D $  
FN@OTXBZVD|G    < 
J&nkSWZW}@XYZWDjG 
2 ¸  4 y:iL/ ¸ .
S( Sfu2gi{(SWN@CYN_G^ObZGkOPSWN;D  ¦SWn%     y ¦SVn%    ¦SVn%  G  $ h¦SWn%   
=Zf`@QTClHBrzQTOTa_[@C:Dj ®|®&°CYnkUVC*wFN;ZfQT]iD|ObD
  T!#"
 
	
! "#%$'&()(* H@
    3  8  %   "
dC¦CYnknkCB}#GkS7ZWDwF­Ru  =w[@G^>@CBNWGkOTXBZGkCB}!­RCY]#u2g@Xq>;ZVN@UVCoOTNhGk>@CRn^CBA#ZfOTN;}iCYnSVyG^>;OTDnkCY{0SVn^GB_G^>;OTD
{;n^SVG^SiXSWQ©A7Si}iOP¨;C:DJrzQPOba_[@CBD| ®oG^S}@CYnkOPWCRZVN°Zf[iGk>@CYN_G^ObXYZfG^C:}{;n^SVG^SiXSWQ  2® GFZVQTD^S#}iS4CBDZZ]#OGk>G^>@C
N;CYCB}7GkS>;ZWCZfN4]7{@n^CY D^>;ZVn^C:}D^CBXYn^CYGkDo`0CGj&CYCBNlG^>@CJAlCYA`0CYnqDB wFQTD^SOPGzObD2Gk>@CFSWN@QP]7{@nkSfGkS4XYSVQ@OTNOPGkD
XBZGkCYUVSWn^]>@OTXq>#ObDo{;n^SZf`;QP]7D|C:X[@nkCV =>@CWCY]G^SZWXq>@OPCBVCZVNZf[iGk>@CYN_G^ObXYZfG^C:}#ZfN;}l{@nkSZf`@QT]D^CBXY[@nkC
{;n^SVG^SiXSWQ\OTDG^>@C[;D|CSfo}iOTUVOPGkZfQD|OTUVN(ZG^[;n^C:DG^ShD^OTUVN°ZfQTQyAlCBDkDkZfUVC:DCg@Xq>;ZVN@UVC:}!}@[@n^OTN@U#Gk>@C{@nkSfGkSiXSVQ
nk[@N\ 2=>4[;DOPGn^C:a_[@OPnkCBD&C:ZVXq>h{;n^SVG^SiXSWQ0{(Zfn^G^ObXOT{;ZfN_GG^Sl>;ZWCMZ7{;ZVOPnSf{@[@`@QTObXª {@n^OTZGkCMWCY]iDzG^S#D^OPUWN
Gk>@CYOTnAlCBDkD^ZVUVC:DY 
viS;iOTN!UWCYN@CBnkZVQ0G^>@C*AlCBDkDkZfUVC:D&OPN°wF­Ru QTS4SV#QTOPWC 
  4¸4· )³ :: 6(³
 / ) + 1 %&' - &-  ,3 7 ' - &-9B1
' -2&-*1 %  /	      
 E( /   /	  	6*)*/ 1
>;CYnkC
 /  ~°C:D^DkZfUWCJ®j}@CYN_G^OP¨(XYZfG^OTSVN[@A`(CBn
  
 '( / x\ObDjGSV N;ZVAlCBDSf2ZfQTQ©{;ZVn|GkOTXYOP{;ZVN_GkD
 /  K*)C/ { 
;S AlCBDkDkZfUVC*ZWDzOTNrzQPOba_[@CBD| ®
ZVN;}43 7 ' - &-.9ObDZl}iOTUVOPGkZfQ\D^OTUVN;ZfG^[@nkCJSWN
' - &-( 

!¸4· . ¸4·  ³ :B 6(³
 / 
+ 1 % ' - &-  ,  7 ' -2&-9,1
' -2&-*1 %  /	 
+      /	      
 '( /   /  K*)C/ 1
>;CYnkC
 / 
+  +~x ZVD|GtJSN 
;S±°CBDkDkZfUVCMOTNGk>@C*UVnkSV[;{
 = {;n^S4Ob}iCBDRZ{@nkS4Sfz>;OTXq>¬}iCYAlSWN;DjGknkZfG^C:DMG^>;ZfGZfN4]D^[;XYXYCBDkDj¦[@QoZfG|GqZVXqSWNGk>@C#{@nkSfG^SiXYSVQzSW[@Qb}
nkCBa_[@OTnkCzCBOGk>@CYnoZR}iOTUVOPGkZVQ4D^OTUVN;ZfG^[@nkC¦SWn^UWCYnSVnGk>@CJrzSVAl{@[iGqZGkOPSWN;ZfQ@KRt  {@n^SW`@QTCYA  XSVAl{@[@G^OTN@U- * 5
UWOPWCYN  * ZVN;} +5OPN°Z¨;N@OPG^C*UWn^SW[@{(zOTN;DjGqZfN;XYC*D|SWQPWCYn: 
            G 	 
= nkCYCJZVD^CB}#­RCB]#wUVnkCYCBAlCYN_Go®¦SVn&=KRt  2=ynkCYCJKMnkSV[;{htFO?>#C FCYQTQPA#ZfN0THY ¶{@nkSfGkS4XYSVQ(`@QPCBN;}@D
Gk>@C°XSWN;XCB{iG#SfJWCY] Gkn^CBCBDlOPG^> tFO?>#C CBQPQTA#ZfN VCB] Cg@Xq>;ZfN;UVCV   C°`0CYUWOPN§`4] Cgi{@QbZfOTN@OTN@U¢G^>@C
XYSVN;XYCY{iGSVZ7VCB]#G^nkCYCROPG^>°ZfN!Cg@ZVA7{;QPCW 
®¯N
 OTU; 9<&C>(ZVCzZFVCB]JGkn^CBCz>;SWD|G^OTN@U  A7CBA`0CYnqDY =>@C&n^S4SfGOTDQTSiXYZGkCB}ZfGQTCYWCYQ  ZVN;}*Gk>@CzQTS&CBD|G
QTCBZWCBDZfnkC*ZGQTCYWCYQ 7 1  9q &v4OPN(XC*&C*[;D|CR`@OTN;ZVn^]hG^nkCYCBDBiCYWCYnk]N@Si}iCRObDCYOPG^>@CBnFZ7QPC:ZSVnZl{;ZVn^CBN_G
SVGj&SN;S4}@CBDB 7=>@ClN@Si}iC:D*ZfnkC7}@CYN@SVG^CB} 7   9qy>@CYnkC       &lD^OTN;XClCBZWXq>QTCYWCYQF>@SWD|GkD
ZfGA7S_DjG   N@Si}iC:DY 2uZWXq>N;S4}@C 7   !.9zObDZVDkD|SiXYOTZfG^CB}hOGk>!G^>@C*ZlD|C:XnkCGVCB]7 	"$# % ZfN(}hOPGkD`@QTOTN;}iCB}WCYnqD|OTSVN=<7 	$"# % 1 + 7 7 	""# % 9 >@CBn^CGk>@C¦[@N;XG^OTSVN + 7 9ObD2AlSi}i[@QbZfn2CYg4{0SVN;CYN_G^ObZGkOPSWNOTN#{@nkOPAlCSVnq}iCYnUWn^SW[@{;DBO   CV T2+ 7 >9 1   ,;.102\ 6>@OTQPC%7 	$"# % ObDD^CBXYn^CYGB =;7 	""# % OTD{@[@`;QPObXf wFDkD|[;A7OTN@U*ZJQPC:Z;N@Si}iC7   !.9 >@S_DjGqDG^>@CFA7CBA`0CYn  fGk>@CYN7Gk>@CN@Si}iC 7  9>;ZWD    DoD^CBXnkCG2WCY];7 	""# %   
@[@n^G^>@CBn^AlSWn^CWG^>@C
TUTWV(X"YZ\[\]
EV    (* )(
   
	 ! #"$ %'& '()'*+",$
-./ 
#0.	.21  %)! $3 #0.	+  '  ! +" $
-.4- #0.	50621 & % !()'* $3 #0.	7086 % '& '('* " $
9
/ 
:
	;21 )< 1  3 ):
	.6  >=?! 
9
4-
@BA
9
9
@DC
9EF
F
 
@G
F4-
@IH
J	50K A
3 J	708L 1 
F/M
@IN
FO
@BP

OPUW[@nkC < 2­RCY]h= n^CBCROPN°=KRt 
AlCBA`0CYn \ZfG2N@Si}iC 7  9XYZfNlXSWAl{@[iG^CCBVCBn^]WCY]ZVQPSWN@UMG^>@C{(ZG^>7¦nkSVA 7   !.9yGkS 7    9ªfn^CY¦CYnkn^C:}
GkSMZWD\Gk>@C  3  - &ZfN;}}iCYN@SVG^C:}<70#RQS  uoWCYnk]MWCY] 7 	$"# % ObDXYSVAl{@[iGkCB}n^C:X[@nqD|OTVCBQP]RZVD ¦SWQPQTSD 
7 	""# % 1 7 =<7 	"  #  %   9 %UTWV  'X ,Y?Z ,/.02
1 7 =<7 	"  #  % 9 %[TWV  'X ,Y  4Z ,/.102
1  %[TWV  !X ,Y?Z %[TWV  !X ,Y  4Z ,/.102
1 + 7 7 	"  #  % 7 	"  #  %   9
®¯NSVG^>@CBnzSWnk}@DBiXSWA7{;[iG^OTN@UZ7VCB]hZG 7   9znkCBa_[@OTn^C:DGk>@C*4N@SQTCB}iUWCJSV Gk>@CD|C:XnkCGVCB]SfSVN;CMSV
Gk>@CMGjzSlXq>@OTQT}@n^CBNhN@Si}iC:D&ZVN;}hG^>@CR`@QTOPN(}iCB}VCB]#SfyGk>@CRSfGk>@CYnXq>@OTQT}N@Si}iCW 7 	]\# \$ ZfG&Gk>@CRn^S4SVG&N@Si}iCObDGk>@C*UVnkSV[@{°D^CBXYn^CYGD^>;ZVn^C:}h`4]ZVQPQyA7CBA`0CYnqDY z=>@OTDFZfQT[@C*OTDN@CYWCYn[;D^CB}ZVDFZ#Xnk]_{@G^SVUWnkZV{@>@ObXFWCY]
¦SWnMG^>@Cl{@[@nk{0SWD^CBDMSf&CYN;XYn^]4{iGkOPSWN\\Zf[iGk>@CYN_GkOTXBZG^OTSVN¢SVnMOTNWGkCYUWn^OPGj]V ®¯N;DjGkCBZW}©yD^[;Xq>WCY]iDRZfnkC7}iCBn^OTVC:}
¦nkSVA%G^>@ChUVnkSV[@{ D^CBXnkCG: CW  U( P`4] D^CG^G^OTN@U 7_^ )`?a  1 7 7 	]\# \$ 9*>@CYnkC ObDZXYn^]4{iGkSVUWnkZV{@>@ObXYZfQTQT]D|G^nkSVN;U>;ZWD|>¦[@N;XG^OTSVN\ 

;SVn2CYgiZVAl{@QPCWfOTNGk>@C¨;UW[@nkCV   XBZfN#XSWA7{;[iG^C7 	  # \$  7 	  # \$ ZfN(}/7 	]\# \$ [(D|OTN@U =<7 	  # \$ 2=;7 	  #   =;7 	  #   ZfN;} 7 	  #    o=>@CM¨;N;ZfQyUVnkSV[@{VCY] 7 	]\# \ OTD 
  T!#"
 
	
! "#%$'&()(* E@H
2 ¸   . / Vi/ ¸ .
dSV[@N;};D 
°CBDkD^ZVUVC:D 
FN@ObXYZVD|G 
J&nkSWZW}@XYZWDjG 
2 ¸  4  Bi/ ¸ .
S( 2Sfu2gi{(SWN@CYN_G^ObZGkOPSWN;D y CYOTUV>_GSfG^nkCYC
=Zf`@QTClHVH 2=KRt  EVSWOPN F°CBn^UWCMwFN;ZfQT]iD|ObD
7 	]\# \ 1  	  
T     Z 	 	 T
    Z 
=>;CRG^CYnkA£XYSf {;ZGk>\;}iCBN@SfGkCB}ZVDS @ObD}iCY¨;N@CB}!GkS#`(CRGk>@CD^CGSVD^OP`;QPOTN@UWDSfCBZVXq>!N@Si}iC*OTNG^>@C
WCY]_ {;ZGk>SVAlCBA`0CYn |  
;SVnCYg@ZfAl{@QTCV@Gk>@CXYSf {;ZGk> S Sf2AlCYA`(CBn*OTN!G^>@C*¨(UV[@nkC*OTDG^>@C
D^CG2SV(N@Si}iC:D 7   9  7  4&C9  7 &  '&*9q rzSVN;D^CBa_[@CBNWGkQP]WfCYWCYnk]RA7CBA`0CYn ©ZfG2QPC:Z(N;S4}@C 7   !.9 XYZVN7}@CYnkOPWC
Gk>@C*UVnkSV[;{D^CBXnkCG7 	%\# \$ ¦nkSVA ZVQPQy`@QPOTN;}iC:}!VCY]iD&SVN!Gk>@CXSV {;ZfG^>  S ZfN(}hOPGkDD^CBXYn^CYGVCY] 7 	""# %  
A	?0+	 +  ¸ / .  ³  60³
w N@CB6A7CBA`0CYn  OTN@OGkOTZfG^C:DoGk>@CJ{;n^SVG^SiXSWQ;`4]#D|CBN;}iOTN@UZpjSVOTNhnkCBa_[@CBD|GAlCBDkDkZfUVCG^>;ZfGXYSVN_GkZVOPN;D
OPGkDJSN`@QTOTN;}iCB}VCB] =;7 	]\# \   6>@CBN X[;n^nkCYN_GFUWn^SW[@{°AlCYA`0CYnqDJn^C:XCYOTVCG^>@ObDMA7C:D^DkZfUWCV(G^>@CB]°}iCGkCYnkAlOPN@CFG^>@CMOTN;D|CBn|GkOPSWNN@Si}iCMOPNhG^>@CJG^nkCYCW 2=>@CFOTN;D^CYn^G^OTSVNN@Si}iCMObDoGk>@CMD^>;ZVQPQTSzC:DjGzn^OTUV>_G^AlS_DjG&N@Si}iCV
>;CYnkCzGk>@C2pjSWOPN#}iS4CBDoN@SfGoOTN;XnkCBZWD|C&Gk>@C>@CYOTUV>_GoSV(Gk>@CVCB]*G^nkCYCW 2sFGk>@CYnkObD|CW(¦OP0G^>@CWCY]*Gkn^CBCOTDozCBQPQ
`(ZfQbZfN;XYCB};iG^>@CN@CYcAlCYA`(CBn2pjSVOTN;DGkSlG^>@Cn^S4SfGN;S4}@CV =>@CD^{(SWN;D|SWnOTDG^>@Cn^OTUV>_G^AlS_DjGQTCBZ2N@Si}iC
OTNGk>@ClD|[@`@G^nkCYCnkS4SfGkCB}ZfGJGk>@COTN;D^CYn^G^OTSVNN;S4}@CV CYg4GB¶G^>;C7D^{(SWN;D^SVnRXnkCBZGkCBDJZhN@CB~OPN_GkCYnkA7C:}iObZG^C
N;S4}@C7ZVN;}ZN@CY)A7CBA`0CYnRN@Si}iCW\ZfN;}{@n^SWAlSfG^C:DGk>@ClN@CY)OPN_G^CBn^AlC:}iOTZfG^CN@Si}iC7G^S!`(CG^>@Cl{;ZVn^CBN_G
SVy`0SfG^>G^>;CMOTN;D^CYn^G^OTSVNN@Si}iCMZVN;}hG^>@CMN@CY AlCYA`0CYnN@Si}iCW ow GkCYn[@{¶}@ZGkOPN;UGk>@CMG^nkCYCV_Gk>@C*D|{0SVN;D^SVn
XYSVAl{@[iGkCBDzG^>;C*N@CY¥UWn^SW[@{hWCY] D|OTN;XCROPG_N;SD&ZVQPQ¶Gk>@CRN@CBXYCBDkD^ZVn^]l`@QTOTN;}iCB}VCB]iDkzZfN;}`@nkSWZW}@XYZWDjGqD
Gk>@CRN@CY G^nkCYCR>@ObXq>XSVN_GqZfOTN;DZfQTQ©`@QPOTN;}iC:}!VCY]iDB wFQPQySfG^>;CYnAlCYA`(CBnkD&[@{¶}@ZGkCRG^>@CBOPnGkn^CBCBDZWXYXSWnk}i
OTN@UWQP]¢ZfN;}¬XSWAl{@[iG^CG^>@CN;CY UVnkSV[@{¢VCB]V wA7CBn^UWC#OTDD|OTAlOPQbZfn:y>@CBn^C#OTN;D|G^C:ZV}¬SfSVN;C#A7CBA`0CYn
pjSWOPN;OPN@Ul&CR>;ZVCMG^>;CD|A#ZfQTQTCYn&G^nkCYC&pjSVOTN@OTN@UlG^>;C*QTZVn^UWCYn&SVN@CW 

;SVnCYg@ZfAl{@QTCVOPN 
 OTU;  =4% 
 A#ZfVC:D#Z EWSVOTN§nkCBa_[@C:DjG:N@Si}iC ZWXªGqDhZVD`(SVG^> G^>;COTN;D|CBn|GkOPSWN
ZVN;}°D^{(SWN;D|SWnFN@Si}iC7ZfN;}XnkCBZGkCBDZhN@CY~OTN_G^CBn^AlCB}@OTZfG^CN@Si}iC 7 &  4&*9OGk> ZWDFOPGkDJQTC GMXq>;OPQb}ZfN(}
 
 ZWD&G^>@C*nkOTUV>_GSVN@CW =>4[;DG^>@C*N@CB¥Gkn^CBCMQTS4SViDZVDOTN 
OPU( ; 
A	?0+	 1  ³   ³
wJD^D^[@AlCG^>;ZfG7&C>(ZVC$¥AlCBA`0CYnqD7ZVN;}¡ZAlCYA`0CYn2 )QTCBZWCBDG^>@C!UVnkSV[@{y ¢®¯N¡G^>@ObDlXYZWD|CW2G^>@C
D^{0SVN;D^SVnObD*Gk>@CnkOPUW>_G| A7S_DjGQTCBZfN@Si}iChSV&Gk>@ChD^[@`iGkn^CBCn^S4SVG^CB} ZfGG^>;CQPC:Z4OPN@U°AlCBA`0CYn  DD|OT`@QTOPN@U
TUTWV(X"YZ\[\]
EWE    (* )(

OTUV[@nkC =  EWSVOTNGF°CBn^UWCFOTN°=KRt 

 OTUV[;n^C* EWSVOTNGFCYnkUVCFOTN°=KRt ~ 
 OTN;ZVQy=ynkCYC
  T!#"
 
	
! "#%$'&()(* EV

 OTUV[;n^CK@2xyCBZVCMOTN=KRt 

 OTUV[;n^ClHB 2x\CBZWCJOTN°=KRt ± 
 OTN;ZVQ\=ynkCYC
N;S4}@CV °®¯N Gk>@ChQTCBZWC#{@n^SVG^SiXSWQoCYWCYnk]AlCYA`(CBn[@{¶}@ZfG^CBDOPGkDWCY] G^nkCYC`4]¬}iCYQTCGkOPN;UG^>;ChQTCBZN@Si}iC
XYSVnkn^C:D|{0SVN(}iOPN;U#G^S  )  R=>;C¦SWn^AlCYnRD^OP`@QTOTN@USV ) ObDF{@nkSVAlSVG^CB}°G^S!n^CB{@QTZWXC* )  DM{;ZfnkCYN_GMN@Si}iCV 
=>;CMD^{(SWN;D^SVn{;OTXqiD&ZN@CB¥D|C:XnkCGD|>;ZVn^CWiXSVAl{@[@G^CBD&ZfQTQ¶VCB]4DSVNOGqDzWCY]l{;ZfG^>h[;{G^SG^>;CJnkS4SfGB4ZfN(}
`;n^S_ZV}@XBZVD|GkDGk>@CN;CY D^CGJSVo`@QTOPN;}@CB}WCY]iDGkShGk>@CUWn^SW[@{\ M=>@OTDJOTNi¦SVnkA#ZG^OTSVN ZfQTQPSDZVQPQAlCYA`(CBnkD
GkSln^C:XSVAl{@[@G^CMG^>@C*N;CY±UVnkSV[@{VCY]W 

;SVn&Cg@ZfAl{@QTCV4OTN 
OTU;  @ 4N@Si}iC JOTDkD^[@CBDZ7x\CBZWCnkCBa_[@CBD|GB  ZVXGkDZVDzGk>@CMD^{0SVN;D^SVnZfN;}}iCYQTCGkCBD
N;S4}@C47ZVN;} {@n^SWAlSfG^C:DJG^>@ClOTNWGkCYnkAlCB}iObZGkC7N;S4}@C 7    9G^Sn^CB{@QbZVXC7OPGkD*{;ZVn^CBN_G 7 &  4&C9q l=>4[;DMG^>@C
N;CY¥Gkn^CBC*QPS4SW4D&QTOPWC*ZVDOTN 
OTU; H:@ 
TUTWV(X"YZ\[\]
Ef    (* )(
2 ¸    . / Vi/ ¸ .
dSV[@N;};D &
°CBDkD^ZVUVC:D &
FN@OTXBZVD|G 
J&nkSWZW}@XYZWDjG &
2 ¸  4  Bi/ ¸ .
S( Sfu2gi{(SWN@CYN_G^ObZGkOPSWN;D   FCYOTUV>_GSf=ynkCYC
=Zf`@QTClH:E=KRt ~x\C:ZVCRwN;ZVQP]iD^OTD
2 ¸    . / Vi/ ¸ .
dSV[@N;};D 
°CBDkD^ZVUVC:D 
FN@OTXBZVD|G 
J&nkSWZW}@XYZWDjG 
2 ¸  4  Bi/ ¸ .
S( Sfu2gi{(SWN@CYN_G^ObZGkOPSWN;D   FCYOTUV>_GSf=ynkCYC
=Zf`@QTClHB =KRt cm2Zfn^G^OPG^OTSVN°wN(ZfQT]4D^ObD
A	?0+	 A DFiL/L/ ¸ .
w¤m2Zfn^G^OPG^OTSVNObDZA[;QGkO n^SW[@N;}{@n^SVG^SiXSWQVOTN>@ObXq>*Gk>@C&xyCBZWCo{@nkSfG^SiXYSVQVObDCgiCBXY[iG^C:}R¦SVnCBZWXq>QTCBZ4OPN;U
N;S4}@CV 2® GG^CBn^AlOTN;ZGkCBD>;CYN°ZfQTQ©AlCYA`0CYnqD4N@S¥Gk>@C*N@CB `@QTOTN;}iCB}WCY]iD&n^C:a_[@OPnkCB}hG^SXYSVAl{@[iGkCRG^>@C
UWn^SW[@{hWCY]W 

;SVnMCg@ZfAl{@QTCV¶OTN 
OTU; lHVHW0N;S4}@CBD ZVN;}0 
 ObD^D^[@CxyCBZWCn^C:a_[@CBD|GB rzSVnknkCBD^{(SWN;}iOTN@UVQT] #ZfN(}
 ZVXG7ZVDD|{0SVN(D|SWnkDB 0h}@CYQTCG^C:DN@Si}iC #ZVN;}¬{@nkSVAlSfGkCBDOGqD|CBQGkSnkCY{@QbZVXYC#OGqD{;ZVn^CBN_G 7   9
>;OPQTCN@Si}iC* }@CYQTCG^C:D  
 ZfN(}°{@nkSVAlSfGkCBDGk>@COTN_G^CBn^AlCB}@OTZfG^CN;S4}@C 7  9&G^Sn^CB{@QbZVXCOGqDF{;ZVn^CBN_G
7 &  '&*9q 
            G 	 I
dC¦CYnknkCB} G^S¢ZVDvi=d% v4WCY&CB} = n^CBC: THI &OPN G^>@Cn^CBAlZVOPN(}iCYn: OPGkDZf{@{;n^S_ZVXq>¬OTDa_[@OGkCD^OPAlOTQTZVn*G^S
=KRt 4`@[@G&}iO0CBnkDzOTN#G^>@CJN;ZGk[@nkCFSf©Gk>@CGkn^CBCF[;D^CB}\ w D|WCY&CB}7Gkn^CBC>@CYnkCFC:ZVXq>#N@Si}iCJOTDzCYOPG^>;CYnzZ
QTCBZf0N;S4}@CSVno>(ZVDGj&SXq>@OTQT}7N@Si}iC:DoObD2CYAl{@QTS]VC:}© 
;SVnoOTN;D|GkZVN;XCOTN 
OPU( &H:@f&C>;ZWCZMG^nkCYC>@S_DjGkOPN;U
¨(VCAlCYA`(CBnkDC:ZVXq>#ZGZRQTCBZf0{0SWD^OGkOPSWN\ uZVXq>lOTNWGkCYnkAlCB}iObZGkCN@Si}iC>;ZVDZfN@SVG^>@CBn2OPN_G^CBn^AlC:}iOTZfG^CN@Si}iC
ZWD*ZQPCY GXq>@OTQT} ZVN;}¬ZAlCYA`0CYnN@Si}iCZVDZnkOTUV>_G*N@Si}iCV °rzSVAl{@[iGkOPN@U Z!D^CBXYn^CYGVCB] ZGZN;S4}@C#OTD
Ob}iCBNWGkOTXBZfQiGkS*G^>(ZGOTN=KRt  _=>4[;D2G^SXYSVAl{@[iGkCG^>@CFUVnkSV[@{lVCB]CBVCYnk]AlCYA`(CBnN@Si}iCF>;ZVDGkS4N@S
Gk>@CM`@QPOTN;}iC:}WCY]lSfyOPGkD&{0CYCBnzOTN_G^CYnkAlCB}iObZGkCFN@Si}iCRZfN(}#G^>;CJ>@OTUV>;CYn&A7CBA`0CYn&N@Si}iCBDB 2=>@CMUVnkSV[@{WCY]
¦SWnG^>@ObDGkn^CBCMObD%    	 T   T
     Z Z
  T!#"
 
	
! "#%$'&()(* E I

OTUV[@nkClHVHm2ZVn|GkOGkOPSWNOTN°=KRt 

 OTUV[;n^ClH:EmZVn|GkOGkOPSWNOTN°=KRt ± 
 OTN;ZVQ\=ynkCYC
TUTWV(X"YZ\[\]
E<    (* )(
K1
 K2
K3
K4
K5
M1 M2
M3
M4
M5
Sponsor
New Member

 OTUV[;n^ClHB  EVSWOPNGFf°CYnkUVCJOPNvi=d
A	 S
	 +  ¸ / .  ³  60³
=>;C pjSWOPN7{@nkSiXCB}@[@n^C&ObD2aW[;OGkCD^OTA7{;QPC fG^>;C&OTN;XYSVAlOPN;UMN;S4}@CD^OTA7{;QP]pjSWOPN(D2ZGG^>@CnkS4SfGSf;Gk>@CCgiObDjGkOPN@U
Gkn^CBCV =>@C>@OTUV>;CBD|GAlCYA`0CYn&OTNlG^>@CJCgiOTD|G^OTN@URGkn^CBCFZVXGkDZWDZ*D^{(SWN;D^SVnZVN;}#XnkCBZfG^CBDZ*N@CY6nkS4SfGoN@Si}iC
ZVN;}!A#ZfVC:DG^>;COPN(XSVAlOTN@U#N@Si}iCZWDOGqD¦G^>@CN;CYcn^S4SVGN@Si}iC Dk&nkOTUV>_GFXq>@OTQT}°ZVN;}G^>@CCYgiOTD|G^OTN@UlG^nkCYC
ZWDOPGkDJQPCY GFG^nkCYCW ® GMZfQbD^SXq>;ZfN@UWCBDOPGkDJD|C:XnkCGJD^>;ZVn^CZVN;}`@nkSWZV};XYZVD|GkD&Gk>@CN;CYc`@QTOPN;}@CB}°WCY]iDG^ShG^>@C
UWn^SW[@{\ °CYnkUVCObDoD|OTAlOPQbZfnGkS EVSWOPNy =>@CD^A#ZfQTQPCBn2Sf0G^>@CGj&SMG^nkCYC:D¶pjSVOTN;DGk>@CQTZVn^UWCYnG^nkCYCSWN7G^>@CGkSV{\ 
=>;C>@OTUV>@C:DjGAlCYA`(CBnSVzGk>@ChQbZfnkUVCBnJGkn^CBChZVXGkDZWDZD^{(SWN;D^SVnZfN(}¬`@n^S_ZV}@XBZVD|GkDJG^>;ChN@CB `@QTOTN;}iCB}
WCY]iDB 

;SVnCYgiZVAl{@QPCW@D|CBC 
 OTU; H:@ 
A	 S
	 1  ³   ³  DJiL/¦/ ¸ .
¢C}iC:D^XYn^OT`(C7Gk>@C#m2Zfn^G^OPG^OTSVN¬{@nkSfG^SiXYSVQ ©G^>@CxyCBZWC{@nkSfGkSiXSVQ2ObD*Z°D^OPAl{@QTCYnXBZVD^C7SVzGk>@CDkZfAlCV #wQTQ
QTCBZ4OTN@U#N@Si}iC:DJZVN;}!G^>@CBOPnM{;ZVn^CBNWGJOPN_G^CBn^AlC:}iOTZfG^CN;S4}@CBDMZfnkC}iCYQTCGkCB}¦nkSVA£G^>;CG^nkCYCW F=>@CA7CBA`0CYn
pj[(DjG2`0CYQTS G^>@CQTSzC:DjG^ OTN;}iCYgiCB}*QTCBZ4OTN@UFAlCYA`(CBnoZVXGkDZVDyG^>@CD^{(SWN;D^SVn: y® GoXq>;ZfN;UVCBD OPGkDD|C:XnkCG2D|>(ZfnkC
ZVN;}`@n^S_ZV}@XBZVD|GkDzG^>;C*N@CY `@QPOTN;}iC:}!VCY]iDB 

;SVn2CYgiZVAl{@QPCWVD^CYC 
OPU_DY &HY*ZfN(}hH Ii   C{@nkSV{0SWD^CzG^>@C¦SWQPQTSOPN;U!dSV[;N;}@DBCBDkD^ZVUVCBD{@nkSfGkSiXSVQ
¦SWn®j­*w 
wFQPQG^>@C ¤AlCYA`(CBnkDZfnkCZVDkD|OTUVN@C:} ZVN¬OPN;}@Cg ZfN;}¬Z°D^VCY&CB} Gkn^CBC#OGk>¤QTCBZfN;S4}@CBDZVN;}   &
OTN_G^CBn^AlCB}@OTZfG^C&N@Si}iCBDObDXSVN(DjGkn^[;XG^C:}OPG^>G^>@CQTSzCBn| OTN;}iCgiC:}*AlCYA`0CYnqD`(CBQPS¡G^>@C>@OTUV>;CYn^ OTN;}iCYg4C:}
  T!#"
 
	
! "#%$'&()(* E:=
2 ¸    . /V@L/ ¸ .
dSV[@N(}@D 
°C:D^DkZfUWCBD 
N@ObXYZWDjG 
JznkSWZW}@XYZWDjG 
2 ¸  4  Bi/ ¸ .
FS; 2Sfu2gi{(SWN@CYN_GkOTZfG^OTSVN;D EVSWOPN!HM¦SWnN@CY*;E¦SWnSfG^>;CYnqD
°CYnkUVC   &M¦SVnSWQT} ;tJOTD|GkZVN;XCR¦nkSVAnkS4SfG&¦SVnN;CY
=Zf`@QTC#HYovi=d EVSWOPNGFf°CYnkUVCMwN;ZVQP]iD^OTD
K1
 K2
K3
K4
K5
M1 M2
M3
M4
M5
Sponsor
Leave

OPUW[@nkC7HB 2x\C:ZVC(Fm2Zfn^G^OPG^OTSVNOTNvi=d
TUTWV(X"YZ\[\]
EV    (* )(

OTUV[@nkClHI 2xyCBZVC(Fm2Zfn^G^OPG^OTSVNhOPNvi=d  
OPN(ZfQ\= n^CBC
2 ¸    . / Vi/ ¸ .
dSW[@N;}@D &
CBDkD^ZVUVCBD &
FN@OTXBZVD|G 
J&nkSWZV};XYZVD|G &
2 ¸  4 y:iL/ ¸ .
S( 2Sf uog4{0SVN;CYN_G^ObZGkOPSWN;D  
;SVnSi}iC  H  Ko+0¦nkS_SVGB QTD^N( 0¦nkS4SfGB j|
= ZV`@QTC7H I ovi=dcx\C:ZVC(Fm2Zfn^G^OPG^OTSVNhwFN;ZfQT]iD|ObD
   K 2°OTN@OPA[@A¦[;N;XªGkOPSWN
o}iObDjGqZfN;XYCM¦[@N;XªGkOPSWN
nkS4SfG nkS4SfGSf G^>@CRGkn^CBC
QbD^N!ox\S&CBD|G&N4[@A`(CBn^C:}D^{0SVN;D^SVnN@Si}iC
  T!#"
 
	
! "#%$'&()(* E@
dSV[@N(}@D D|U_D N@O JznkSWZW}
rzQPOba_[@CBD| ® ®j­*w     & H
EWSVOTN E E H H
xyCBZWCV4m2Zfn^G^OPG^OTSVN H H  H
CYnkUVC   &   &  H
rzQTObaW[;CBD| ®^® ®j­*w   &    &    E
EWSVOTN E E H H
xyCBZWCV4m2Zfn^G^OPG^OTSVN H H  H
CYnkUVC           ;  E
=KRt  ®j­*w        
EWSVOTN\@°CYnkUVC E E  E
x\C:ZVC H H  H
m2Zfn^G^OPG^OTSVN  7     9  7     9   7     9
vi=d ®j­*w        
EWSVOTN E E  E
xyCBZWCV4m2Zfn^G^OPG^OTSVN H H  H
CYnkUVC    H
= ZV`@QTC7H<rzSVAlA[@N@ObXYZGkOPSWN°rzS_DjGqD
 oF[@A`0CYnSVAlCBA`0CYnqD&¦SVnkA7OTN@U0¦SVnOTN(Z7UVnkSV[@{y 
 o[@A`(CBnSfN@CY A7CBA`0CYnqDpjSVOTN@OTN@U#Z7{@n^CY CYgiOTD|G^OTN@U7UVnkSV[@{\ 
  FSfGmonkS4OT}@CB}© 
SWN@CBDB =>@CYnkCBZf G^CYn:4DjGqZfn^G^OTN@U*¦nkSVA 4C:ZVXq>AlCYA`(CBnz`;n^S_ZV}@XBZVD|GkD2OPGkD&`@QTOPN(}iCB}#WCY]iD&ZfN;}lGk>@CMOPN_G^CBn|
AlC:}iOTZfG^C*`@QTOTN;}iCB}WCY]iDGk>;ZGOPGFObDFZf`;QPCRGkSXSVAl{@[@G^COTN°Z#D|CBn^ObZfQ\SWnk}@CYn: w GkCYnGk>@C`@nkSWZW}@XYZWDjG&¦nkSVA
#¶iCYVCBn^]WSVN@CM&SV[@Qb}h`0CZf`;QPCMG^S#XYSVAl{@[iGkCRG^>@C*UWn^SW[@{hWCY]V 
   l, ,    	 cR #"& ,£ !#"%$&(' * +#,
®¯NGk>@ObDJD^CBXG^OTSVNzCXSVAl{;ZVn^CRGk>@C7KR­*w {@n^SVG^SiXSWQTDB@{@nkCBD^CYN_GkCB}OTNG^>@C{@n^CB4OPSW[;DD^CBXªGkOPSWN\;OTNG^CBn^A#D
SVzGk>@CYOTnXSWAlA[@N@ObXYZfG^OTSVN¬ZfN;}¬XYSVAl{@[iGqZG^OTSVN¬C>#XYOPCBN;X] ZfN;}¬D|G^[;}i]G^>@CBOPnD|[@OPGkZV`@OTQPOPGj]¦SWnw} >;S4X
CBN4_OTnkSVN@AlCYN_GqDY ¢= ZV`@QPC HL<D^[@AlA#ZfnkOBCBDG^>@CXSWA7A[@N@ObXYZfG^OTSVN¡Xq>;ZVnkZWXªGkCYnkOTD|G^ObXYD*SVG^>@C°KMnkSV[@{ WCY]
ZVUVnkCYCBA7CBN_G{@nkSfG^SiXYSVQbDY 
@SVn&CBZWXq>#{@nkSfG^SiXYSVQ@Gk>@CMN_[;A`0CYn&Sf\nkSV[@N;};DY_N4[@A`0CYn&Sf\AlCBDkDkZfUVC:DYWN4[@A`0CYn
SV [@N;OTXBZVD|GA7C:D^DkZfUWCBDZfN(}hN4[@A`(CBnSf`@nkSWZV};XYZVD|GA7C:D^DkZfUWCBDz¦SVn®j­*w"EVSWOPNy;x\C:ZVCV4m2Zfn^G^OPG^OTSVNZfN(}
CYnkUVClSV{0CYnqZGkOPSWN;D*ZfnkC#{@nkS_Ob}iC:}© FSfG^ClGk>;ZGG^>@ChXYSVAlA[;N@OTXBZGkOPSWN¢Xq>;ZVnkZWXªGkCYnkOTD|G^ObXYDRSVwJ­Ru ZfnkC
Ob}iCBNWGkOTXBZfQ©GkSrzQPOba_[@CBD| ®MOGk>>@OTUV>@CBnA7C:D^DkZfUWC*D|OYC:DkZVN;}D|S#N;SfG{@nkS4OT}iC:}!>@CYnkCV &wQbD|S#N@SVG^C*Gk>;ZG
D^SVAlCSfGk>@CAlC:D^DkZfUWCBDZVn^Ch[@N@ObXYZVD|GlnkZfG^>@CBnG^>(ZfN¡`;n^S_ZV}@XBZVD|G`@[iG7G^>;ZfG7ObD7SfFQTOPG|G^QTCXSVN(D|C:aW[;CYN;XYC
OTN¢G^>@CXSVN_GkCg4G*SfOPnkCYQTCBDkDRN@CGj&SVnkiD*ZVDMGk>@CY] SV{0CYnqZG^C#`4]}@CZf[;QGOTN¬`@nkSWZV};XYZVD|G*AlS4}@CV hwJD*zC
XBZfND^CYCF¦n^SWA Gk>@CGqZf`@QTCV@vi=d¥{@n^SVG^SiXSWQ;ObDoGk>@CFAlS_DjGXSVAlA[@N@ObXYZGkOPSWNi C>XOTCYN_GSVyZfQTQ0KR­*w¥{;n^SVG^Sf
TUTWV(X"YZ\[\]
W    (* )(
XYSVQbDY  uD^{(C:XObZfQTQP]¦SVn2m2Zfn^G^OPG^OTSVNlZfN;}l°CBn^UWCVfOPGo>;ZWD2XSVN(DjGqZfN_G2SVnq}iCYn2XSWAlA[@N@ObXYZfG^OTSVN7n^C:a_[@OPnkCYAlCBNWGqDY 
=Zf`;QPC H =°D^[@AlA#ZfnkOBCBDG^>@CXSWAl{@[iGkZfG^OTSVN;ZVQ&Xq>(ZfnqZVXªGkCYnkOTD|G^ObXYDSfGk>@C°KMn^SW[@{ VCB] ZfUWn^CBCYAlCYN_G{@nkSf
GkSiXSVQbDB 
;SVnoC:ZVXq>l{@nkSfG^SiXYSVQ G^>@CJN4[@A`0CYnoSV©Cgi{(SWN@CYN_GkOTZfG^OTSVN;D2{0CYnzAlCYA`0CYn&ZfN;}Gk>@CJD^CYnkOTZVQiN4[@A`0CYn
SVCgi{(SWN@CYN_GkOTZfG^OTSVN;D=>@C#GkSfGqZfQ&N_[;A`0CYnSVCgi{(SWN@CYN_GkOTZfG^OTSVN;D ¦SVnG^>@ChUVnkSV[@{(RG^>;ZfGN@CBCB}¢G^S `(C
CYgiCBX[@G^CB}lOTND^CYnkOTZVQ@SVnq}iCYnª¦SWno®j­*w:EVSWOPN\4x\C:ZVCWfm2Zfn^G^OPG^OTSVNZfN(}#°CYnkUVCSW{(CBnkZfG^OTSVN;DoZVn^C{;n^S4Ob}iCB}© 
FSfGkCG^>;ZfGzXSWAl{@[iGkZfG^OTSVN;ZVQ(Xq>;ZVnkZWXªGkCYnkOTD|G^ObXYDSfywJ­Ru ZfnkCD|OTAlOPQbZfnG^S*Gk>;ZGzSf rzQPOba_[@CBD| ®ªVCg@XYCY{iGoGk>;ZG
Gk>@CJ¦SVnkA7CBnnkCBa_[@OTn^C:DSWN@CJZW}@}iOPG^OTSVN;ZVQ0D^OTUVN;ZfG^[@nkCFXSWAl{@[iGkZfG^OTSVN\ 2wFUWZfOTN#¨;UW[@nkCBD2¦SWnXSVAl{@[@GkZGkOPSWNOTN
®j­*w ¦SWnFvi=dcZfN;}!=KRt )ZfnkCJN@SVG{@nkS_Ob}iC:}© 
rzQTObaW[;CBD| ®^®OTDFG^>@CAlSWD|GMXSWAl{@[iGkZfG^OTSVNC>XOTCYN_GMSVZfQTQ {;n^SVG^SiXSWQTDnkCBa_[@OTnkOPN@UXSVN(DjGqZfN_GJSWnk}iCBnFCYg4{0Sf
N;CYN_G^ObZGkOPSWN;D¦SWnFAlSWD|GJSV2G^>@C{;Zfn^G^ObXOT{;ZfN_GqDY ® GMOTDJ{;Zfn^G^ObX[;QTZVn^QT]D^[@OPGkZf`;QPC¦SVnJwJD|]4AlAlCGkn^ObXw}°>;S4X
N;CGj&SVnk4D*N@CGj&SVnkiD>@CBn^CD^SVAlC}iCB4OTXYCBD>;ZWC*AlSVnkCXSWA7{;[iGkZfG^OTSVN;ZVQyXYZV{;Zf`@OTQTOGkOPC:DG^>;ZVNSfGk>@CYnqDq
ZWDR`@[@QT SVzGk>@ChXYSVAl{@[iGqZG^OTSVN XYSV[@Qb}¢`(C{0CYn^¦SVnkAlCB}¢`4]Gk>@C#N@Si}iCOPG^> D^[@{0CYnkOPSWnXSVAl{@[@GkZGkOPSWN;ZfQ
XBZf{;ZV`@OTQPOPG^OTCBDB  
@SVnD^]4AlA7CYG^nkOTXRw}!>@SiXMN@CGj&SVnkiDYi=KRt ~A#Z]#`(CZl`0CG^G^CBnXq>@SVObXCW 
FCg4G&C}iObD^XY[;D^DXCBn|GqZfOTN¢ObDkD|[@C:D*>@ObXq> zClGk>@OTN@¢XBZfN¬¦[@n^G^>;CYnOTN 
;[;CYN;XYC#G^>@CXq>@SVObXC#SVZKR­*w
{;n^SVG^SiXSWQ0OTN°w}!>@SiXJN;CGj&SVnk4DB 
H :iL/ ¸ .  ¸  :iL/ ¸ . \  ³ B: 60³ ,. ¹ ³:4³ . ¹ ³ .  4  ¸  ¸  ¸   =ynkCYC`;ZWD|C:}7{@n^SVG^SiXSWQTDCBNpjS]
Gk>@C jAlC:D^DkZfUWCOTN;}iCY{0CYN(}iCYN;XYC&¦CBZGk[@nkCz>@ObXq>7A7C:ZfN;D Gk>;ZGoC:ZVXq>AlC:D^DkZfUWCzXYZVN`0CD|CBN_GOTN;}iCB{(CBN;}iCYN_G
SV Gk>@C*SfGk>@CYnqDB =>;CrzQPOba_[@CBDD^[@OPG^CRSf{@nkSfGkS4XYSVQbDZfnkCRD|GkZfG^OTSVN!G^S#D|GkZfG^OTSVN`;ZVD^CB}>@ObXq>AlC:ZfN;DGk>;ZG
Gk>@CYnkCROTDSVnq}iCYnkOPN;U}iCY¨;N@CB}!OTN!G^>@C*UWn^SW[@{\ uZVXq>!AlCBDkD^ZVUVCMOTDA7C:ZfN_G¦SVnD^SVAlCR{;Zfn^G^ObX[;QTZVn&nkCBXYOP{;OPCBNWG
Cg@XCB{iG7G^>@C!`@nkSWZV};XYZVD|GAlC:D^DkZfUWC:ª  =>@SW[@UV>¡OG#D|>;SV[@Qb} `0C!¦CBZVD^OT`@QPChG^S¢>;ZVC!DjGqZGkOPSWN G^S¢DjGqZGkOPSWN
{;n^SVG^SiXSWQTDJOPN¢w}>;S4XUVnkSV[;{;DY0Gk>@ClA7C:D^DkZfUWCOTN;}iCY{0CYN(}iCYN;XYClOTDRAlSVnkCOTN G^[@N@ClOPG^>G^>@ClN;ZfG^[@nkCSV
w}>@SiXRN@CYGjzSWn^iDB 
EW DR ³Wµ 
  8³ . L/ Vi/ ¸ . #®¯N DkXCBN;ZfnkOPS_D*>@CBn^CCBN_G^OPGj]¢ZV[iG^>@CBN_G^ObXYZGkOPSWN OTDnkCBa_[@OTn^C:} `0C¦SWn^ChG^>@C
{(Zfn^G^ObXOT{;ZfN_GkD2ZWXªGk[;ZfQTQP]DjGqZfn^GZKR­*w {@n^SVG^SiXSWQ VOG&SV[;QT}`(CFC>XOTCYN_G2G^S*OTN_G^CBUVnqZG^C&Gk>@CGj&SluoN_G^OPGj]
wF[iG^>;CYN_G^ObXYZfG^OTSVNZfN(}KR­*wJ{@nkSfGkSiXSVQbDB 
;SVnoOTN;D|GkZfN(XCOTN;D|G^CBZW}lSf\ZrzCBn|GkO¨(XBZGkC`;ZVD^CB}#ZV[iG^>@CBN_G^ObXYZ
GkOPSWN{@n^SVG^SiXSWQ¶¦SVQTQPS&CB}`4]ZKR­*wc{@nkSfGkSiXSVQ i&CXSV[;QT}!>;ZWCJGk>@C{;ZVn|GkOTXYOP{(ZfN_GkD{@nkC¯Zf[@G^>@CBNWGkOTXBZGkC
`4]!`@nkSWZV};XYZVD|G^OTN@U7G^>;CYOTnMXYCYn^G^OP¨(XYZfG^CBDFZfN;}!Gk>@CYNnkCBa_[@OTnkCRG^>@CBA£GkSD^OPUWN°AlCBDkD^ZVUVCBD}@[@n^OTN@U#Gk>@C7KR­*w
{;n^SVG^SiXSWQ  
_ DR ¸ @i ³ y³  y(/ ´ !mn^SZf`;QP] D^CBXY[@n^C{@nkSfG^SiXYSVQbD>;ZWChnkCBD^OPQTOTCYN;XYChGkS¢Z QTZVn^UWChN4[@A`(CBn7SV
ZfG|GqZVXqiDZfN;}G^>;CYnkC¦SVnkCMA[;D|G`(CRGk>@C*SVN;QP]hXq>;SVObXCM¦SVn>@OTUV>@ ZfQT[@CRZf{@{;QPObXYZfG^OTSVN;DB 
4 	  B ® G#OTD#XYQPC:Zfn7G^>;ZfG#>@OPUW>i CYN;}§Xnk]4{iG^SWUVnqZf{@>4]¬XYZfN;N@SfGl`(C°CBAl{@QPS]WCB}¡OPN§A#ZfN4] w}¡>;S4X
CBN4_OTnkSVN@AlCYN_GqD ¦SWnCg@ZVA7{;QPCOPN XBZVD^CSfJv4A#ZVn|GtJ[;D|G  < ¦ª =>4[;DOTN D|[;Xq>¤D^XYCYN;ZVn^OTSWD*Z D|SWQP[iGkOPSWN
>;OTXq>!CYAl{@QTS]iD`(SVG^>!G^nk[;D|GZVN;}Xnk]4{iG^SWUVnqZf{@>4]lOTDZW}i4OTD^CB}\ 
  T!#"
 



	










!
 "
#%
$
'
&
(
)(*
;H
            	  
    
       	      
     
       ! "     
       
      #$   %  &  '  
         
    ( )  
    ( ) *  
 +  ,  
  $- -  . $     
        
   #    )    )  )          	    /  
   0  
  . $   
    "     
       
      #$   %  &  '  
         
    ( )  
    ( ) *  
 +  0  
  $1 1  . $  /  
   #$ - -   #2 . $     
  3  
 	    ) ( 4 56 7  89 89
"    * 
 +  : ;< =  :  ;< = %  &  : ;< =  :  ;< = '  
     : ;< =  :  ;< =  4 >  89 89
"   0 0
%  &  '  
       ? 
@ A  B , C   DE D
     	  F E D
      F F  G   	  
  *  
 +  )  ) 
4 H   , I B   G           	  	  B *    G  G   J   
E BA  	    J    J    

    B 
    A    3  
  
 	  B % K  	    G H 
 A 	   	 
 A 
TUTW
V(X"
YZ\
[\]
_E    (* )(
   )!" !,yY
¢CM>;ZVCMD|CBCYNGk>;ZGFKMnkSV[@{!­RCY]#wUWn^CBCYAlCYN_G{@nkSfG^SiXYSVQbD{@nkS4OT}@CJZUWS4S4}D|SWQP[@G^OTSVNGkSGk>@CR{@nkSV`@QTCYA
SVoA#ZfN;ZVUVOTN@UhWCY]iDOTN w}>@SiXN@CYGjzSWn^iDB0ZWDGk>@CY]°{;n^S4Ob}iC*G^>;C7ZV`@OPQTOPGj]GkSUWCYN@CBnkZfG^CD^CBDkD^OPSWNVCB]4D
>;OTXq>ZV}@ZV{iGkD&CYQTQ©GkSGk>@C}i]4N;ZVA7ObXMN;ZGk[@nkCMSVw}!>@SiXMUVnkSV[;{;DY 2wFQTD^Sl`_]h{@n^S4Ob}iOTN@U¦C:ZGk[@n^C:DQPOTVC
­RCB]®¯N;}iCY{0CYN(}iCYN;XYC#ZfN;}mCBn|¦C:XªGM¦SVnk&ZVnk}°D^CBXYn^C:X]W0OPGRAlZVVC:DFOPGJ¦C:ZVD^OP`;QPCG^SD|C:X[@nkCZUVnkSV[;{SVCBn
QTSVN;U7{0CYnkOTS4};DSfyGkOPAlCW 
¢CF>(ZVCFZVQTD^SD^CYCYNG^>;ZfGzUVnkSV[;{#VCY]lZfUWn^CBCYAlCYN_GObDoN;SfG&ZWDC:ZVD^]GkSOTAl{@QPCBAlCYN_GzOTNhw}>;S4XFCYN44OPnkSVN@
AlCBNWGqDRZVDJOPN¢XSVN4WCYN_G^OTSVN;ZVQ DkXCBN;ZfnkOPS_DF}i[;CGkS!D^SVAlC7D|{0CBXYOTZVQXq>(ZfnqZVXªGkCYnkOTD|G^ObXYDG^>;ZfGMGk>@CBD^C7N@CGj&SVnkiD
>(ZVCV =>_[(D*SVN@C#>(ZVDRGkS°A7CBCGGk>@ChD^CBXY[@n^OPGj]UWSWZfQbDR`@[iG7ZG*G^>;ChD^ZVAlClG^OTA7ChN@SfG*¦SWn^UWCG*G^>;ChXSWA
{;[iGkZfG^OTSVN;ZVQ\ZfN;}!XSWA7A[@N@ObXYZfG^OTSVN!QPOTAlOGqZG^OTSVN(DSfG^>@C}iCB4OTXYCBDB dCYUWZVnk}@OPN@UG^>;CKR­*w {;n^SVG^SiXSWQTDBiOG
ObD*C:ZVD^]G^S D|CBClG^>;ZfGSVN@CD^OTN@UVQTC#{@nkSfG^SiXYSVQXBZfN@N@SVGAlCYCG`(C:DjGGk>@CN@CBCB}@DSfZfQTQ4OTN;}@DSVw}¬>;S4X
N;CGj&SVnk4DB  
;SVnw}¬>;S4XN@CGj&SVnkiDROGk> ZVD^]_AlAlCGkn^ObX#XSWAl{@[iG^OTN@UZVN;}¬XSWA7A[@N@ObXYZfG^OTSVN }iCY4ObXC:DY
{;n^SVG^SiXSWQTDFQPOTVCrzQPOba_[@CBDRZVn^CzCBQPQD|[;OGkCB} >@OTXq> n^C:a_[@OPnkCSWN@QP]D^SVAlC{(S&CYn^¦[@Q2}iCY4ObXC:DGkS!}iS!`@[@QT
SV Gk>@CXSWAl{@[iGkZfG^OTSVN\  6>;OPQTCR¦SVnFD^]4AlA7CYG^nkOTXRDkXCBN;ZfnkOPS_DYi= n^CBC `;ZVD^CB}h{@nkSfG^SiXYSVQbD&ZVn^CR&CYQTQ¯D^[@OGkCB}ZVD
Gk>@CY]!}iObDjGkn^OT`@[iGkCJGk>@C*QTSWZV}CBa_[;ZVQPQT]#GkSlZVQPQyN@Si}iCBDB 
  T!#"
 
	
! "#%$'&()(* W
   "&,
PH Rm irJ ZVN#sJSWnkDkXq>@SVGw E; fCYN@C YCBD2ZVN;}lv¶  oZfN(DjGkSVN@CW  G   L)!    9\ G   "   
r&dr¥monkCBDkDY©H@@<; 
 E *   J&CBQPQbZfnkCFZfN(}lm idSWUWZZ]V 0uoN_G^OPGj]Zf[iGk>@CYN_GkOTXBZG^OTSVNZVN;}#WCY]l}iOTD|G^nkOT`@[iG^OTSVNy \®¯N
	 # :*
9\ G   (VSVQT[@AlC ==fSVxyRrv¶\H@@V; 
  v©  J&[;Xq>@CYUWUVCBnJZfN(} E( \x\CJ&SV[;}iC:Xf 7Si}iCBDKJ&C:ZfnkOPN@U°KMnk[;}iUVC:D M=ySZfnq}@DMdSV[@G^OTN@UviCBX[;n^OPGj]V

(ZfOTn^N;CBDkDY&ZfN;}§dSV`;[;DjGkN@CBDkD7OPN °SW`@OPQTC°w} FSiX!FCGj&SVnkiDY ¤®¯N	  L#(:* P 77 
  (! # !)H* " ( 	 ( ?  *\'\    (G $  &)"! H* 	 #\**\: i{;ZVUVCBDWW
# (HB; _®¯uuou rzSVAl{@[iGkCYnFv4SiXYOPCYGj]V"E_ZfN4[;Zfnk]hEfWWE@ 
  *x J&[iG^Gj]WZVNZfN;} E(  m  [;`;Zf[ig© _dZGkOPSWN;ZfQWCg@Xq>;ZfN;UVC # Z¦SVnkAlZVQVAlSi}iCYQ_`;ZWD|C:}RSVNU_ZfAlC2G^>;CYSVnk]V ®¯N$	 # :* &% G'\7 \    (!)H*   (  ?#  ( #) # *+ -, /.10
%3242576  FCYOb}iCYQT`0CYnkU;;KMCYnkA#ZfN4]V@FSVCBA`0CYnEfW@HV 
 I *x  Jz[@G|Gj]WZVNZVN;} E(  m  [;`;Zf[ig© v_G^OTA[@QbZGkOPN;U7XYS_SW{(CBnkZfG^OTSVNOTND^CYQP  SVnkUWZfN;OBOPN@U*AlSW`@OPQTCRZV}>;S4X
N;CGj&SVnk4DB  890;: 	<  &=0 ? $'&()(* (G!  >  # (' (* 0( IV(sMXªGkSV`0CYnFEfWV; 
 < viAlZVn|GFtJ[;D|GB 2>_G|Gk{! FFnkSV`0SfGkOTXBDY  CYC:XYDB  `0CYnkVCBQPCB]V  CB}i[ FM{@ObDjGkCYnFD^AlZVn|Gq}i[;D|GB 
 =s orz>@CBZWD^D^[iG7u  J&nkCBDkD|SWN ZfN;}¡t mSVOTNWGqXq>@CYZVQ  tJ]4N;ZfAlObXUWn^SW[@{ }iO?>lCY >;CYQTQPA#ZfN¡VCY]¢Cg4
Xq>(ZfN@UWC[@N;}@CYn*DjGqZfN;};Zfnq}°ZVDkD|[@Al{iGkOPSWN;DB  ' ?G#\*!9\ G "? @! 	 # :* 8A !
B .C BED	  ;EVVWE@ 
  *  Wv_G^CBOPN;CYnzK7 Vw&GkCYN@OTCBD^CZfN;}#K7 V=D^[;}iOT0 (CY§A[;QGkOP{;ZVn|Gj]Zf[iGk>@CYN_G^ObXYZfG^OTSVNlD|CBn^4O@XYCBD2ZfN(}WCY]
ZVUVnkCYCBA7CBN_G{@n^SVG^SiXSWQTDB  ' --$F  \ "9CG5  #  % H*K)(! 7 #   "* HB;_ PH # HB;EVVW@ 
 @ v© VKMSVQb}i&ZWD^D^CYnZfN;}7v¶ °ObXYZfQTO  _mn^SW`;Zf`@OTQTOTD|G^ObXCBN;Xnk]4{iG^OTSVNy F  \ ""C     ( HG7H*\ 
G5# G#* (Ef  E:= # E@ @ ;H@VV; 
THB *viAlZVn|G FSVAlCBDB >_G|G^{  F F*  pjn|j  SVnkU;  [@F>@SW[;D^OPN@U_ZfN;};XYZfnkCHFfD|A#ZVn|Gk>@SVAlCBDY 
THVH *K7 (= D^[;}iOT  0v_G^CBOPN@CBnZfN;}   ¬ZfOb}iN@CBnB o­RCB]hZfUWn^CBCYAlCYN_GOPN°}i]4N;ZVAlOTXM{0CYCYnFUVnkSV[@{;DB  ' --
" "* #  "* 	 ( "?I G8  *\'\   ;G7H*\ * @w[@UW[;D|GJEfVW@ 
TH:E Rx UJ&[iG^Gj]WZfN¡v© r&Zf{;_[;N ZfN;} E( \m F[@`;ZV[ig© °viCYQP  SWn^U_ZfN@OYC:}{@[;`@QPObXª VCB] A#ZVN;ZfUWCYAlCYN_GR¦SVn
AlSW`@OPQTCZV}>@SiXRN@CYGjzSWn^iDB      "  
' -- " "* #  "* (J0 4?K        
THB Rw ©mCYnkn^OTUL7  [¬ZfN;} t  EWSV>@N(D|SWN\ wnkObZV}iN@CJw D|C:X[@nkC7SVNi¯}iCYA#ZVN;}nkSV[iGkOPN;Uh{@nkSfGkS4XYSVQ ¦SVn
ZW}¬>@SiXlN@CGj&SVnkiDY  G 
M  80N'\7 \    "O PG# (0  Q       G
$'&(): 0viCY{iGkCYA`0CYnFEVV_Ei 
THY Rw 4mCBn^nkOTURL i­ROTAZfN;}hK7 i=D|[(}iOP¶ v4OPAl{@QTCRZfN;}lZV[@QPG| G^SVQTCYnqZfN_GWCY]#ZfUWn^CBCYAlCYN_Go¦SWn&}@]_N(ZfAlOTX
XYSVQTQTZV`(SWnkZfG^OTVCMUVnkSV[@{(DY  80S/G (SVCBA`0CYnEfWV; 
TUTWV(X"YZ\[\]
V    (* )(
THI Rw @mCYnkn^OTU8L ;­ROTA ZfN(}!K7 ;=D^[;}iOT0 rzSWA7A[@N@ObXYZfG^OTSVNi C>XOTCYN_GUVnkSV[@{VCB]hZfUWn^CBCYAlCYN_GB  ' ' 	
G   EW[@N@CEfW@HW 
THL< *v©  LJO&ZfN;}¢d* y­RnqZVCYGkDB 7­RCB]A#ZfN;ZVUVCYAlCBNWGR¦SWn*>@CGkCYnkSVUVCBN@CYSW[;DRZV} >@SiXlOPnkCYQTCBDkDRN@CYGjzSWn^iDB 
= CBXq>;N@OTXBZfQ\dCB{(SWn|G F®Mr&t*rv_¯d¯EVV_EjEVE@W@ F®MrJGEV[@QT]EVVWE@ 
TH =Rx 0>@SW[!ZVN;} "E(  FZVZWDY ov4C:X[@nkOTN@U#ZV}>@SiXRN@CGj&SVnkiDY  ' -  $  &) yHB; <W  Ef # W@0HL@ @@  
  T!#"
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
